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(57) A cold cathode field emission device compris- 
ing a cathode electrode 1 1 formed on a supporting mem- 
ber 10, a gate electrode 13 which is formed above the 
cathode electrode 11 and has an opening portion 14, 
and an electron emitting portion 1 5 formed on a surface 



Fig. 11 B 

[STEP-850] 



of a portion of the cathode electrode 11 which portion is 
positioned in a bottom portion of the opening portion 1 4, 
said electron emitting portion 15 comprising a carbon- 
group-material layer 23, and said carbon-group-materi- 
al layer 23 being a layer formed from a hydrocarbon gas 
and a fluorine-containing hydrocarbon gas. 
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Description 

TECHNICAL FIELD 

s [0001] The present invention relates to an electron emitting apparatus for emitting electrons from a carbon-group- 
material layer and a manufacturing method thereof, a cold cathode Held emission device having an electron emitting 
portion comprising a carbon-group-material layer and a manufacturing method thereof, and a cold cathode field emis- 
sion display provided with such cold cathode field emission devices and a manufacturing method thereof. 

'io BACKGROUND ART 

[0002] In the fields of displays for use in television receivers and information terminals, studies have been made for 
replacing conventionally mainstream cathode ray tubes (CRT) with flat-panel displays which are to comply with de- 
mands for a decrease in thickness, a decrease in weight, a larger screen and a high fineness. Such flat panel displays 

15 include a liquid crystal display (LCD), an electroluminescence display (ELD), a plasma display panel (PDP) and a cold 
cathode field emission display (FED), of these, a liquid crystal display is widely used as a display for an information 
terminal. For applying the liquid crystal display to a floor-type television receiver, however, it still has problems to be 
solved concerning a higher brightness and an increase in size. In contrast, a cold cathode field emission display uses 
cold cathode field emission devices (to be sometimes referred to as "field emission device" hereinafter) capable of 

20 emitting electrons from a solid into a vacuum on the basis of a quantum tunnel effect without relying on thermal exci- 
tation, and it is of great interest from the viewpoints of a high brightness and a low power consumption. 
[0003] Figs. 20 and 21 shows a cold cathode field emission display to which the field emission devices are applied 
(to be sometimes referred to as "display" hereinafter). Fig. 20 is a schematic partial end view of the display, and Fig. 
21 is a schematic partial perspective view of the display when a cathode panel CP and an anode panel AP are disas- 

25 sembled. 

[0004] The field emission device shown in these drawings is a so-called Spindt type field emission device having a 
conical electron emitting portion. Such a field emission device comprises a cathode electrode 111 formed on a sup- 
porting member 110, an insulating layer 112 formed on the supporting member 110 and the cathode electrode 111, a 
gate electrode 113 formed on the insulating layer 112, an opening portion 114 formed in the gate electrode 113 and 

so the insulating layer 112, and a conical electron emitting portion 115 formed on the cathode electrode 111 positioned in 
a bottom portion of the opening portion 114. Generally, the cathode electrode 1 1 1 and the gate electrode 1 1 3 are formed 
in the form of a stripe each in directions in which projection images of these two electrodes cross each other at right 
angles. Generally, a plurality of field emission devices are arranged in a region (corresponding to one pixel, and the 
region will be called an "overlapped region" or an "electron emitting region" hereinafter) where the projection images 

35 of the above two electrodes overlap. Further, generally, such electron emitting regions are arranged in the form of a 
matrix within an effective field (which works as an actual display portion) of a cathode panel CP. 
[0005] An anode panel AP comprises a substrate 30, a phosphor layer 31 (31 R, 31 B and 31 G) which is formed on 
the substrate 30 and has a predetermined pattern, and an anode electrode 33 formed thereon. One pixel is constituted 
of a group of the field emission devices formed in the overlapped region of the cathode electrode 111 and the gate 

<*o electrode 1 1 3 on the cathode panel side and the phosphor layer 31 which is opposed to the above group of the field 
emission devices and is on the anode panel side. In the effective field, such pixels are arranged on the order of hundreds 
of thousands to several millions. On the substrate 30 between one phosphor layer 31 and another phosphor layer 31 , 
a black matrix 32 is formed. 

[0006] The anode panel AP and the cathode panel CP are arranged such that the electron emitting regions and the 
45 phosphor layers are opposed to each other, and the anode panel AP and the cathode panel CP are bonded to each 
other in their circumferential portions through a frame 34, whereby the display is produced. In an ineffective field (in- 
effective field of the cathode panel CP in the example shown in the drawings) which surrounds the effective field and 
where a peripheral circuit for selecting pixels is formed, a through-hole 36 for vacuuming is provided, and a tip tube 
37 is connected to the through-hole 36 and sealed after vacuuming. That is, a space surrounded by the anode panel 
50 AP, the cathode panel CP and the frame 34 is in a vacuum state. 

[0007] A relatively negative voltage is applied to the cathode electrode 111 from an cathode-electrode control circuit 
40, a relatively positive voltage is applied to the gate electrode 113 from a gate-electrode control circuit 41, and a 
positive voltage having a higher level than the voltage applied to the gate electrode 1 1 3 is applied to the anode electrode 
33 from the anode-electrode control circuit 42. When such a display is used for displaying on its screen, a scanning 
55 signal is inputted to the cathode electrode 111 from the cathode-electrode control circuit 40, and a video signal is 
inputted to the gate electrode 113 from the gate-electrode control circuit 41. Due to an electric field generated when a 
voltage is applied between the cathode electrode 1 1 1 andthe gate electrode 113, electrons are emitted from the electron 
emitting portion 1 1 5 on the basis of a quantum tunnel effect, and the electrons are attracted toward the anode electrode 



2 



EP 1 383 151 A1 



33 and collide with the phosphor layer 31 . As a result, the phosphor layer 31 is excited to emit light and a desired 
image can be obtained. That is, the working of the display is controlled, in principle, by a voltage applied to the gate 
electrode 113 and a voltage applied to the electron emitting portion 115 through the cathode electrode 111. 
[0008] In the above display constitution, it is effective to sharpen the top end portion of the electron emitting portion 
for attaining a large current of emitted electrons at a low driving voltage, and from this viewpoint, the electron emitting 
portion 115 or the above Spindt type field emission device can be said to have excellent performances. However, the 
formation of the conical electron emitting portion 115 requires advanced processing techniques, and with an increase 
in the area of the effective field, it is beginning to be difficult to form the electron emitting portions 1 1 5 uniformly all over 
the effective field since the number of the electron emitting portions 115 totals up to tens of millions in some cases. 
[0009] There has been therefore proposed a so-called flat-surface type field emission device which uses a flat elec- 
tron emitting portion exposed in a bottom portion of an opening portion without using the conical electron emitting 
portion. The electron emitting portion of the flat-surface type field emission device is formed on a cathode electrode, 
and it is composed of a material having a lower work function than a material constituting the cathode electrode for 
achieving a high current of emitted electrons even if the electron emitting portion is flat. In recent years, it has been 
proposed to use various types of carbon materials such as diamond-like carbon (DLC) as the above material. 
[0010] That is, for example, in Lecture No. 2p-H-6 on page 631 of preprints of No. 60 Applied Physics Society Lectures 
(1 999), there is disclosed a flat-surface-structured electron emitter obtained by scratch-processing a surface of a tita- 
nium thin film formed on a quartz substrate by an electron beam deposition method, with a diamond powder, then 
patterning the titanium thin film to form a several u.m gap in a central portion, and then, forming a non-doped diamond 
thin film on the titanium thin film. In Lecture No. 2p-H-11 on page 632 of preprints of No. 60 Applied Physics Society 
Lectures (1999), there is disclosed a method in which a carbon nano-tube is formed on a quartz glass provided with 
a metal cross line. 

[0011] The value of a voltage (threshold voltage) at which electrons begin to be emitted from an electron emitting 
portion can be decreases by usage of various carbon-containing materials including diamond-like carbon. However, a 
gas or gaseous substance released from various members constituting the cathode electrode and the display adheres 
to, or is adsorbed on, the electron emitting portion, and as a result, the electron emitting portion is deteriorated in 
properties, which is known, for example, in the literature of MRS 2000 Spring Meeting, Preprints Q1 .3/R1 .3, page 264 
"SURFACE MODIFICATION OF Si FIELD EMITTER ARRAYS FOR VACUUM SEALING". The above literature reports 
that the formation of a carbon thin film on the surface of a silicon-based electron emitting portion can inhibit the adher- 
ence and adsorption of the gas or gaseous substance to/on the electron emitting portion. 

[0012] However, the above literature does not suggest any means of overcoming the problem of adherence and 
adsorption of a gas or gaseous substance to/on the electron emitting portion made from a carbon-containing material. 
[0013] It is therefore an object of the present invention to provide an electron emitting apparatus and a cold cathode 
field emission device that can overcome the problem that a gas or gaseous substance released from various members 
constituting, for example, a cold cathode field emission display adheres to, or is adsorbed on, an electron emitting 
portion to cause the electron emitting portion to deteriorate in properties, manufacturing methods of these, and a cold 
cathode field emission display to which the above cold cathode field emission device is incorporated and a manufac- 
turing method thereof. 

DISCLOSURE OF THE INVENTION 

[0014] An electron emitting apparatus according to a first aspect of the present invention for achieving the above 
object is constituted of an electron emitting portion formed on an electrically conductive layer, 
the electron emitting portion comprising a carbon-group-material layer, and 

the carbon-group-material layer being a layer formed from a hydrocarbon gas and a fluorine-containing hydro- 
carbon gas. 

[001 5] In the electron emitting apparatus according to the first aspect of the present invention , preferably, a selective- 
growth region is formed between the electrically conductive layer and the carbon-group-material layer, from the view- 
point that the carbon-group-material layer is formed reliably in a predetermined region of the electrically conductive 
layer and is not formed in an unnecessary portion. 

[0016] An electron emitting apparatus according to a second aspect of the present invention for achieving the above 
object is constituted of an electron emitting portion formed on an electrically conductive layer, 

the electron emitting portion comprising a carbon-group-material layer and a fluoride-carbide-containing thin film 
formed on the surface of the carbon-group-material layer, and 

the fluoride-carbide-containing thin film being a film formed f rom a fluorine-containing hydrocarbon gas. 
[0017] An electron emitting apparatus according to a third aspect of the present invention for achieving the above 
object is constituted of an electron emitting portion formed on an electrically conductive layer, 

the electron emitting portion comprising a carbon-group-material layer, and 
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the carbon-group-material layer having a surface terminated (modified) with fluorine atoms. 
[0018] In the electron emitting apparatus according to the third aspect of the present invention, preferably, the ter- 
mination (modification) of the surface of the carbon-group-material layer with fluorine atoms is carried out with a fluorine- 
containing hydrocarbon gas. 

[0019] In the electron emitting apparatus according to the second or third aspect of the present Invention, there may 
be employed a constitution in which the carbon-group-material layer is a layer formed from a hydrocarbon gas. The 
above constitution will be referred to as "electron emitting apparatus according to the second-A aspect of the present 
invention" or "electron emitting apparatus according to the third-A aspect of the present invention" for convenience 
sake. In these cases, preferably, a selective-growth region is formed between the electrically conductive layer and the 
carbon-group-material layer, from the viewpoint that the carbon-group-material layer is formed reliably in a predeter- 
mined region of the electrically conductive layer and is not formed in an unnecessary portion. 
[0020] Alternatively, in the electron emitting apparatus according to the second or third aspect of the present inven- 
tion, there may be employed a constitution in which the carbon-group-material layer is formed of carbon-nano-tube 
structures. The above constitution will be referred to as "electron emitting apparatus according to the second-B aspect 
of the present invention" or "electron emitting apparatus according to the third-B aspect of the present invention" for 
convenience sake. 

[0021] The cold cathode field emission device according to any one of the first to third aspects of the present invention 
for achieving the above object is a cold cathode field emission device for constituting a so-called "two-electrodes" type 
cold cathode field emission display, and comprises; 

(a) a cathode electrode formed on a supporting member, and 

(b) an electron emitting portion formed on the cathode electrode. 

[0022] The cold cathode field emission device according to any one of fourth to sixth aspects of the present invention 
is a cold cathode field emission device for constituting a so-called "three-electrodes" type cold cathode field emission, 
and comprises; 

(a) a cathode electrode formed on a supporting member, 

(b) a gate electrode which is formed above the cathode electrode and has an opening portion, and 

(c) an electron emitting portion formed in a portion of the cathode electrode which portion is positioned in a bottom 
portion of the opening portion. 

[0023] In the cold cathode field emission device according to the first or fourth aspect of the present invention, the 
electron emitting portion comprises a carbon-group-material layer, and the carbon-group-material layer is a layer 
formed from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 

[0024] Further, in the cold cathode field emission device according to the second or fifth aspect of the present in- 
vention, the electron emitting portion comprises a carbon-group-material layer and a fluoride-carbide-containing thin 
film formed on the surface of the carbon-group-material layer, and the fluoride-carbide-containing thin film is a film 
formed from a fluorine-containing hydrocarbon gas. 

[0025] In the cold cathode field emission device according to the third or sixth aspect of the present invention, the 
electron emitting portion comprises a carbon-group-material layer, and the carbon-group-material layer has a surface 
terminated (modified) with fluorine atoms. 

[0026] The cold cathode field emission display according to anyone of the first to third aspects of the present invention 
is a so-called "two-electrodes" type cold cathode field emission display, and has a plurality of pixels, 

each pixel being constituted of a cold cathode field emission device, an anode electrode and a phosphor layer, 
said anode electrode and said phosphor layer being formed on a substrate so as to face the cold cathode field emission 
device, and 

the cold cathode field emission device comprising; 

(a) a cathode electrode formed a supporting member, and 

(b) an electron emitting portion formed on the cathode electrode. 

[0027] The cold cathode field emission display according to any one of the fourth to sixth aspects of the present 
invention is a so-called "three-electrodes" type cold cathode field emission display, and has a plurality of pixels, 

each pixel being constituted of a cold cathode field emission device, an anode electrode and a phosphor layer, 
said anode electrode and said phosphor layer being formed on a substrate so as to face the cold cathode field emission 
device, and 

the cold cathode field emission device comprising; 
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(a) a cathode electrode formed on a supporting member, 

(b) a gate electrode which is formed above the cathode electrode and has an opening portion, and 

(c) an electron emitting portion formed on a portion of the cathode electrode which portion is positioned in a bottom 
portion of the opening portion. 

5 

[0028] In Ihe cold cathode field emission display according to the firsl or fourlh aspect of the present invention, the 
electron emitting portion comprises a carbon-group-material layer, and Ihe carbon-group-malerial layer is a layer 
formed from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 

[0029] In the cold cathode field emission display according to the second or fifth aspect of the present invention, the 
'0 electron emitting portion comprises a carbon -group-material layer and a fluoride-carbide-containing thin film formed 
on the surface of the carbon-group-material layer, and the fluoride-carbido-containing thin film is a film formed from a 
fluorine-containing hydrocarbon gas. 

[0030] In the cold cathode field emission display according to the third or sixth aspect of the present invention, the 
electron emitting portion comprises a carbon-group-material layer, and the carbon-group-material layer has a surface 

« terminated (modified) with fluorine atoms. 

[0031] In the cold cathode field emission devices according to the third and sixth aspects of the present invention, 
or in the cold cathode field emission displays according to the third and sixth aspects of the present invention, desirably, 
the termination (modification) of the surface of the carbon-group-material layer with fluorine atoms is carried out with 
a fluorine-containing hydrocarbon gas. 

20 [0032] In the cold cathode field emission device according to any one of the second, third, fifth and sixth aspects of 
the present invention, or in the cold cathode field emission display according to any one of the second, third, fifth and 
sixth aspects of the present invention, desirably, the carbon-group-material layer is a layer formed from a hydrocarbon 
gas. The above constitution will be referred to as "cold cathode field emission device according to the second-A, third- 
A, fifth-A or sixth-A aspect of the present invention" or "cold cathode field emission display according to the second- 

25 A, third-A, fifth-A or sixth-A aspect of the present invention" for convenience sake. 

[0033] In the cold cathode field emission device according to any one of the second, third, fifth and sixth aspects of 
the present invention, or in the cold cathode field emission display according to any one of the second, third, fifth or 
sixth aspects of the present invention, desirably, the carbon-group-material layer is formed of carbon-nano-tube struc- 
tures. The above constitution will be referred to as "cold cathode field emission device according to the second-B, 

so third-B, fifth-B or sixth-B aspect of the present invention" or "the cold cathode field emission display according to the 
second-B, third-B, fifth-B or sixth-B aspect of the present invention" for convenience sake. 

[0034] In the cold cathode field emission device according to any one of the first, second-A, third-A, fourth, fifth-A 
and sixth-A aspects of the present invention, or in the cold cathode field emission display according to any one of the 
first, second-A, third-A, fourth, fifth-A and sixth-A aspects of the present invention, desirably, a selective-growth region 
35 is formed between the cathode electrode and the carbon-group-malerial layer, from the viewpoint that the carbon- 
group-material layer is formed reliably in a predetermined region of the cathode electrode and is not formed in an 
unnecessary portion. 

[0035] In the cold cathode field emission device according to any one of fourth to sixth aspects of the present inven- 
tion, or in the cold cathode field emission display according to any one of the fourth to sixth aspects of the present 

40 invention, it.is desirable to employ a constitution in which an insulating layer is formed on the supporting member and 
the cathode electrode, and a second opening portion communicating with the opening portion (to be sometimes referred 
to as "first opening portion" for convenience sake hereinafter) made through the gate electrode is made through the 
insulating layer. However, the present invention shall not be limited to the above constitution, and there may be em- 
ployed a structure in which a metal layer (for example, a sheet or striped-shape material made of a metal) constituting 

45 the gate electrode having the first opening portion is spread and supported above the electron emitting portion through 
and with a gate electrode supporting member. 

[0036] The manufacturing method of an electron emitting apparatus according to afirst aspect of the present invention 
for achieving the above object comprises the step of forming an electron emitting portion comprising a carbon-group- 
material layer, on an electrically conductive layer, from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 
so [0037] The manufacturing method of an electron emitting apparatus according to a second aspect of the present 
invention for achieving the present invention comprises the steps of; 

(A) forming a carbon-group-material layer on an electrically conductive layer, and 

(B) forming a fluoride-carbide-containing thin film on the surface of the carbon-group-material layer from a fluorine- 
55 containing hydrocarbon gas, thereby to obtain an electron emitting portion comprising the carbon-group-material 

layer and the fluoride-carbide-containing thin film formed on the surface of the carbon-group-material layer. 

[0038] The manufacturing method of an electron emitting apparatus according to a third aspect of the present inven- 
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tion for achieving the present invention comprises the steps of; 

(A) forming a carbon-group-material layer on an electrically conductive layer, and 

(B) terminating (modifying) the surface of the carbon-group-material layer with a fluorine-containing hydrocarbon 
5 gas, thereby to obtain an electron emitting portion comprising the carbon-group-material layer whose surface Is 

terminated (modified) with fluorine atoms. 

[0039] In the manufacturing method of an electron emitting portion according to the second or third aspect of the 
present invention, the carbon-group-material layer is preferably formed on the electrically conductive layer from a 

10 hydrocarbon gas in the above step (A). The above constitution will be referred to as "manufacturing method of an 
electron emitting apparatus according to the socond-A aspect of the present invention" or "manufacturing method of 
an electron emitting apparatus according to the third-A aspect of the present invention" for convenience sake. 
[0040] Alternatively, in the manufacturing method of an electron emitting apparatus according to the second or third 
aspect of the present invention, it is preferred to employ a constitution in which a dispersion of carbon-nano-tube 

15 structures in a binder material is applied onto the electrically conductive layer and then the binder material is fired or 
cured to form the carbon-group-material layer in the step (A). More specifically, the carbon-nano-tube structures are 
dispersed in an organic binder material such as an epoxy resin or acrylic resin or in an inorganic binder material such 
as water glass, the resultant dispersion is, for example, applied onto a predetermined region of the electrically con- 
ductive layer then, the solvent is removed, and the binder material is fired or cured. As an application method, for 

20 example, a screen printing method can be employed. The above constitution will be referred to as "manufacturing 
method of an electron emitting apparatus according to the second-B of the present invention" or "manufacturing method 
of an electron emitting apparatus according to the third-B of the present invention" for convenience sake. 
[0041] Alternatively, in the manufacturing method of an electron emitting apparatus according to the second or third 
aspect of the present invention, it is preferred to employ a constitution in which a metal compound solution in which 

25 the carbon-nano-tube structures are dispersed is applied onto the electrically conductive layer, and then the metal 
compound is fired, to form the carbon-group-material layer in the above step (A). The above constitution will be referred 
to as "manufacturing method of an electron emitting apparatus according to the second-C aspect of the present inven- 
tion" or "manufacturing method of an electron emitting apparatus according to the third-C aspect of the present inven- 
tion". 

30 [0042] In the manufacturing method of an electron emitting apparatus according to any one of the first, second-A 
and third-A aspects of the present invention, it is preferred to further provide the step of forming a selective-growth 
region on the electrically conductive layer before the formation of the carbon-group-material layer, from the viewpoint 
that the carbon-group-material layer is formed reliably in a predetermined of the electrically conductive layer and is not 
formed in an unnecessary portion. 

35 [0043] The manufacturing method of a cold cathode field emission device according to a first aspect of the present 
invention for achieving the above object is a manufacturing method of a cold cathode field emission device for consti- 
tuting a so-called "two-electrodes" type cold cathode field emission display, and comprises the steps of; 

(A) forming a cathode electrode on a supporting member, and 
40 (B) forming an electron emitting portion on the cathode electrode, 

in which the electron emitting portion comprises a carbon-group-material layer, and 

the step of forming the electron emitting portion comprises the step of forming the carbon-group-material layer 
from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 
45 [0044] The manufacturing method of a cold cathode field emission display according to a first aspect of the present 
invention for achieving the above object is a manufacturing method of a so-called "two-electrodes" type cold cathode 
field emission display, in which a substrate having an anode electrode and a phosphor layer formed thereon and a 
supporting member having a cold cathode field emission device formed thereon are arranged such that the phosphor 
layer and the cold cathode field emission device face each other, and the substrate and the supporting member are 
so bonded to each other in their circumferential portions, 
the method including the steps of; 

(A) forming a cathode electrode on the supporting member, and 

(B) forming an electron emitting portion on the cathode electrode, thereby to form the cold cathode field emission 
55 device, 

in which the electron emitting portion comprises a carbon-group-material layer, and 

the step of forming the electron emitting portion comprises the step of forming the carbon-group-material layer 
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from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 

[0045] In the manufacturing method of a cold cathode field emission device according to the first aspect of the present 
invention, or in the manufacturing method of a cold cathode field emission display according to the first aspect of the 
present invention, preferably, interposed between the step (A) and the step (B) is the step of forming a selective-growth 

5 region on the cathode electrode, and the step (B) Is carried out by forming the electron emitting portion on the selective- 
growth region in place of forming the electron emitting portion on the cathode eleclrode, from the viewpoint that the 
carbon-group-material layer is formed reliably in a predetermined region of the cathode electrode and is not formed in 
an unnecessary portion. The above constitution will be referred to as "manufacturing method of a cold cathode field 
emission device according to the first (1 ) aspect of the present invention" or "manufacturing method of a cold cathode 

'o field emission display according to the first (1 ) aspect of the present invention" for convenience sake. 

[0046] The manufacturing method of a cold cathode field emission device according to a second aspect of the present 
invention for achieving the above object is a manufacturing method of a cold cathode field emission device for consti- 
tuting a so-called "two-electrodes" type cold cathode field emission display, and comprises the steps of; 

'5 (A) forming a cathode electrode on a supporting member, 

(B) forming a carbon-group-material layer on the cathode electrode, and 

(C) forming a fluoride-carbide-containing thin film on the surface of the carbon-group-material layer from a fluorine- 
containing hydrocarbon gas, thereby to obtain an electron emitting portion comprising the carbon-group-material 
layer and the fluoride-carbide-containing thin film formed on the surface of the carbon-group-material layer. 

20 

[0047] The manufacturing method of a cold cathode field emission display according to a second aspect of the 
present invention for achieving the above object is a manufacturing method of a so-called "two-electrodes" type cold 
cathode field emission display, in which a substrate having an anode electrode and a phosphor layer formed thereon 
and a supporting member having a cold cathode field emission device formed thereon are arranged such that the 
25 phosphor layer and the cold cathode field emission device face each other, and the substrate and the supporting 
member are bonded to each other in their circumferential portions, 
the method including the steps of; 



(A) forming a cathode electrode on the supporting member, 

so (B) forming a carbon-group-material layer on the cathode electrode, and 

(C) forming a fluoride-carbide-containing thin film on the surface of the carbon-group-material layerfrom a fluorine- 
containing hydrocarbon gas, thereby to obtain an electron emitting portion comprising the carbon-group-material 
layer and the fluoride-carbide-containing thin film formed on the surface of the carbon-group-material layer, where- 
by the cold cathode field emission device is formed. 

35 

[0048] The manufacturing method of a cold cathode field emission device according to a third aspect of the present 
invention for achieving the above object is a manufacturing method of a cold cathode field emission device for consti- 
tuting a so-called "two-electrodes" type cold cathode field emission display, and comprises the steps of; 

40 (A) forming a cathode electrode on a supporting member, 

(B) forming a carbon-group-material layer on the cathode electrode, and 

(C) terminating (modifying) the surface of the carbon-group-material layer with a fluorine-containing hydrocarbon 
gas, thereby to obtain an electron emitting portion comprising the carbon-group-material layer having the surface 
terminated (modified) with fluorine atoms. 

45 

[0049] The manufacturing method of a cold cathode field emission display according to a third aspect of the present 
invention for achieving the above object is a manufacturing method of a so-called "two-electrodes" type cold cathode 
field emission display, in which a substrate having an anode electrode and a phosphor layer formed thereon and a 
supporting member having a cold cathode field emission device formed thereon are arranged such that the phosphor 
50 layer and the cold cathode field emission device face each other, and the substrate and the supporting member are 
bonded to each other in their circumferential portions, 
the method including the steps of; 



(A) forming a cathode electrode on the supporting member, 

(B) forming a carbon-group-material layer on the cathode electrode, and 

(C) terminating (modifying) the surface of the carbon-group-material layer with a fluorine-containing hydrocarbon 
gas, thereby to obtain an electron emitting portion comprising the carbon-group-material layer having the surface 
terminated (modified) with fluorine atoms, whereby the cold cathode field emission device is formed. 
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[0050] In the manufacturing method of a cold cathode field emission device according to the second or third aspect 
of the present invention, or in the manufacturing method of a cold cathode field emission display according to the 
second or third aspect of the present invention, it is preferred to form the carbon-group-material layer on the cathode 
electrode from a hydrocarbon gas in the above step (B). The above constitution will be referred to as "manufacturing 
method of a cold cathode field emission device according to the second-A orthird-A aspect of the present Invention" 
or "manufacturing method of a cold cathode field emission display according lo the second-A or third-A aspect of the 
present invention" for convenience sake. In this case, preferably, interposed between the above steps (A) and (B) is 
the step of forming a selective-growth region on the cathode electrode, and in the above (B), the electron emitting 
portion is formed on the selective-growth region in place of forming the electron emitting portion on the cathode elec-. 
trode, from the viewpoint thatthe carbon-group-material layer is formed reliably in a predetermined region of the cathode 
electrode and is not formed in an unnecessary portion. The above constitution will be referred to as "manufacturing 
method of a cold cathode field emission device according to the socond-A(1 ) aspect or third-A(1 ) aspect of the present 
invention" or "manufacturing method of a cold cathode field emission display according to the second-A(1) aspect or 
third-A(1 ) aspect of the present invention" for convenience sake. 

[0051] Alternatively, in the manufacturing method of a cold cathode field emission device according to the second 
or third aspect of the present invention, in the manufacturing method of a cold cathode field emission device according 
to the fifth, sixth, eighth or ninth aspect of the present invention which will be described later, in the manufacturing 
method of a cold cathode field emission display according to the second or third aspect of the present invention, or in 
the manufacturing method of a cold cathode field emission display according to the fifth, sixth, eighth or ninth aspect 
of the present invention which will be described later, there may be employed a constitution in which a dispersion of 
carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material is fired 
or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. More specifically, 
the carbon nano-tube structures are dispersed in an organic binder material such as an epoxy resin or acrylic resin or 
in an inorganic binder material such as water glass, the resultant dispersion is, for example, applied onto a predeter- 
mined region of the cathode electrode, and then the solvent is removed and the binder material is fired or cured. As 
an application method, for example, a screen printing method can be employed. 

[0052] The above constitution will be referred to as "manufacturing method of a cold cathode field emission device 
according to the second-B, third-B, fifth-B, sixth-B, eighth-B or ninth-B aspect of the present invention" or "manufac- 
turing method of a cold cathode field emission display according to the second-B, third-B, fifth-B, sixth-B, eighth-B or 
ninth-B aspect of the present invention" for convenience sake. 

[0053] Alternatively, in the manufacturing method of a cold cathode field emission device according to the second 
or third aspect of the present invention, in the manufacturing method of a cold cathode field emission device according 
to the fifth, sixth, eighth or ninth aspect of the present invention which will be described later, in the manufacturing 
method of a cold cathode field emission display according to the second or third aspect of the present invention, or in 
the manufacturing method of a cold cathode field emission display according to fifth, sixth, eighth or ninth aspect of 
the present invention which will be described later, there may be employed a constitution in which a metal compound 
solution in which the carbon nano-tube structures are dispersed is applied onto the cathode electrode and then the 
metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting portion. 
[0054] The above constitution will be referred to as "manufacturing method of a cold cathode field emission device 
according to the second-C, third-C, fifth-C, sixth-C, eighth-C or ninth-C aspect of the present invention" or "manufac- 
turing method of a cold cathode field emission display according to the second-C, third-C, fifth-C, sixth-C, eighth-C or 
ninth-C aspect of the present invention" for convenience sake. 

[0055] The manufacturing method of a cold cathode field emission device according to any one of the fourth to sixth 
aspects of the present invention is a manufacturing method of a cold cathode field emission device for constituting a 
so-called "three-electrodes" type cold cathode field emission display, and comprises the steps of; 

(A) forming a cathode electrode on a supporting member, 
- (B) forming an insulating layer on the supporting member and the cathode electrode, 

(C) forming a gate electrode having an opening portion on the insulating layer, 

(D) forming a second opening portion through the insulating layer, said second opening portion communicating 
with the opening portion formed through the gate electrode, thereby to expose the cathode electrode in a bottom 
portion of the second opening portion, and 

(E) forming an electron emitting portion on the cathode electrode exposed in the bottom portion of the second 
opening portion. 

[0056] The manufacturing method of a cold cathode field emission display according to any one of the fourth to sixth 
aspects of the present invention for achieving the above object is a manufacturing method of a so-called "three-elec- 
trodes" type cold cathode field emission display, in which a substrate having an anode electrode and a phosphor layer 
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formed thereon and a supporting member having a cold cathode field emission device formed thereon are arranged 
such that the phosphor layer and the cold cathode field emission device face each other, and the substrate and the 
supporting member are bonded to each other in their circumferential portions, 
the method including the steps of; 

(A) forming a cathode electrode on the supporting member, 

(B) forming an insulating layer on the supporting member and the cathode electrode, 

(C) forming a gate electrode having an opening portion on the insulating layer, 

(D) forming a second opening portion through the insulating layer, said second opening portion communicating 
with the opening portion formed through the gate electrode, thereby to expose the cathode electrode in a bottom 
portion of the second opening portion, and 

(E) forming an electron emitting portion on the cathode electrode exposed in the bottom portion of the second 
opening portion, whereby the cold cathode field emission device is formed. 



15 [0057] Further, the manufacturing method of a cold cathode field emission device according to any one of the seventh 
to ninth aspects of the present invention for achieving the above object is a manufacturing method of a cold cathode 
field emission device for constituting a so-called "three-electrodes" type cold cathode field emission display, and com- 
prises the steps of; 



(A) forming a cathode electrode on a supporting member, 

(B) forming an electron emitting portion on the cathode electrode, and 

(C) forming a gate electrode having an opening portion above the electron emitting portion. 

[0058] The manufacturing method of a cold cathode field emission display according to any one of the seventh to 
ninth aspects of the present invention for achieving the above object is a manufacturing method of a so-called "three- 
electrodes" type cold cathode field emission display, in which a substrate having an anode electrode and a phosphor 
layer formed thereon and a supporting member having a cold cathode field emission device formed thereon are ar- 
ranged such that the phosphor layer and the cold cathode field emission device face each other, and the substrate 
and the supporting member are bonded to each other in their circumferential portions, 
the method including the steps of; 



(A) forming a cathode electrode on the supporting member, 

(B) forming an electron emitting portion on the cathode electrode, and 

(C) forming a gate electrode having an opening portion above the electron emitting portion, whereby the cold 
cathode field emission device is formed. 



[0059] In the manufacturing method of a cold cathode field emission device according to the fourth or seventh aspect 
of the present invention, or in the manufacturing method of a cold cathode field emission display according to fourth 
or seventh aspect of the present invention, the electron emitting portion comprises a carbon-group-material layer, and 
40 the step of forming the electron emitting portion comprises the step of forming the carbon-group-material layer from a 
hydrocarbon gas and a fluorine-containing hydrocarbon gas. 

[0060] In the manufacturing method of a cold cathode field emission device according to the fifth or eighth aspect of 
the present invention, or in the manufacturing method of a cold cathode field emission display according to the fifth or 
eighth aspect of the present invention, the electron emitting portion comprises a carbon-group-material layer and a 
45 fluoride-carbide-containing thin film formed on the surface of the carbon-group-material layer, and the step of forming 
the electron emitting portion comprises the step of forming the fluoride-carbide-containing thin film on the surface of 
the formed carbon-group-material layer from a fluorine-containing hydrocarbon gas. 

[0061] Further, in the manufacturing method of a cold cathode field emission device according to the sixth or ninth 
aspect of the present invention, or in the manufacturing method of a cold cathode field emission display according to 
so the sixth or ninth aspect of the present invention, the electron emitting portion comprises a carbon-group-material layer, 
and the step of forming the electron emitting portion comprises the step of terminating (modifying) the surface of the 
formed carbon-group-material layer with a fluorine-containing hydrocarbon gas. 

[0062] In the manufacturing method of an electron emitting apparatus according to the third aspect of the present 
invention, in the manufacturing method of a cold cathode field emission device according to any one of the third, sixth 
55 and ninth aspects of the present invention, or in the manufacturing method of a cold cathode field emission display 
according to any one of the third, sixth and ninth aspects of the present invention, the termination (modification) of the 
surface of the carbon-group-material layer with fluorine atoms is preferably carried out with a fluorine-containing hy- 
drocarbon gas. 
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[0063] In the manufacturing method of a cold cathode field emission device according to any one of the seventh to 
ninth aspects of the present invention, or in the manufacturing method of a cold cathode field emission display according 
to any one of the seventh to ninth aspects of the present invention, there may be employed a constitution in which 
the step (B) is followed by forming an insulating layer on the entire surface, and 
s the step (C) is followed by forming a second opening portion through the insulating layer, said second opening 

portion communicating with the opening portion formed through the gale electrode, thereby to expose the carbon- 
group-malerial layer in a bottom portion of the second opening portion. 

[0064] In the manufacturing method of a cold cathode field emission device according to any one of the fifth, sixth, 
eighth and ninth aspects of the present invention, or in the manufacturing method of a cold cathode field emission 

'o display according to any one of the fifth, sixth, eighth and ninth aspects of the present invention, preferably, the carbon- 
group-material layer is formed from a hydrocarbon gas in the step of forming the electron emitting portion. The above 
constitution will be referred to as "manufacturing method of a cold cathode field emission device according to the fifth- 
A, sixth-A : eighth-A or ninth-A aspect of the present invention" or "manufacturing method of a cold cathode field emis- 
sion display according to the fifth-A, sixth-A, eighth-A or ninth-A aspect of the present invention" for convenience sake. 

15 [0065] Alternatively, in the manufacturing method of a cold cathode field emission device according to any one of 
the fourth, fifth-A and sixth-A aspects of the present invention, or in the manufacturing method of a cold cathode field 
emission display according to any one of the fourth, fifth-A and sixth-A aspects of the present invention, there may be 
also employed a constitution in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the cathode 

20 electrode, 

an insulating layer is formed on the supporting member, the selective-growth region and the cathode electrode 
in the step (B), 

a second opening portion is formed through the insulating layer in the step (D), said second opening portion 
communicating with the opening portion formed through the gate electrode, thereby to expose the selective-growth 
25 region in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region exposed in the bottom portion of the second 
opening portion in the step (E). 

[0066] The above constitution will be referred to as "manufacturing method of a cold cathode field emission device 
according to the fourth (1 ), fifth-A(1 ) or sixth-A(1 ) aspect of the present invention" or "manufacturing method of a cold 
30 cathode field emission display according to the fourth (1), fifth-A(1) or sixth-A(1) aspect of the present invention" for 
convenience sake. 

[0067] Alternatively, in the manufacturing method of a cold cathode field emission device according to any one of 
the fourth, fifth-A and sixth-A aspects of the present invention, or in the manufacturing method of a cold cathode field 
emission display according to any one of the fourth, fifth-A and sixth-A aspects of the present invention, there may be 
35 employed a constitution in which 

interposed between the step (D) and the step (E) is the step of forming a selective-growth region on the cathode 
electrode exposed in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region in the step (E) in place of forming the 
electron emitting portion on the cathode electrode exposed in the bottom portion of the second opening portion. 
40 [0068] The above constitution will be referred to as "manufacturing method of a cold cathode field emission device 
according to the fourth (2), fifth-A(2) or sixth-A(2) aspect of the present invention" or "manufacturing method of a cold 
cathode field emission display according to the fourth (2), fifth-A(2) or sixth-A(2) aspect of the present invention" for 
convenience sake. 

[0069] In the manufacturing method of a cold cathode field emission device according to any one of the seventh, 
45 eighth-A and ninth-A aspects of the present invention, or in the manufacturing method of a cold cathode field emission 
display according to any one of the seventh, eighth-A and ninth-A aspects of the present invention, there may be 
employed a constitution in which . 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the cathode 
electrode, and 

50 the electron emitting portion is formed on the selective-growth region in the step (B) in place of forming the 

electron emitting portion on the cathode electrode. 

[0070] The above constitution will be referred to as "manufacturing method of a cold cathode field emission device 
according to the seventh eighth-A(1) orninth-A(l) aspect of the present invention" or "manufacturing method of a 
cold cathode field emission display according to the seventh (1), eighth-A(1) or ninth-A(1 ) aspect of the present inven- 
55 tion" for convenience sake. 

[0071] In the electron emitting apparatus or in the manufacturing method thereof in the present invention, in the cold 
cathode field emission device or in the manufacturing method thereof in the present invention, and in the cold cathode 
field emission display or in the manufacturing method thereof in the present invention , including embodiments according 
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to various aspects of the present invention (all of these will be sometimes generally referred to as "the present inven- 
tion"), the hydrocarbon gas as a raw material for forming the carbon-group-material layer includes hydrocarbon gases 
such as methane (CH 4 ), ethane (C 2 H 6 ), propane (C 3 H 8 ), butane (C 4 H 10 ), ethylene (C 2 H 4 ), acetylene (C 2 H 2 ), mixtures 
of these gases, and mixtures of these hydrocarbon gases with hydrogen gas. Further, there may be used a gas prepared 
by gasifying methanol, ethanol, acetone, benzene, toluene, xylene or the like, or mixtures of these gasified gases with 
hydrogen. Further, for stabilizing discharging and for promoting plasma dissociation, a rare gas such as helium (He), 
argon (Ar) or the like may be introduced. 

[0072] The fluorine-containing hydrocarbon gas is selected from perfluorocarbons. Specifically, the fluorine-contain- 
ing hydrocarbon gas includes saturated fluorine-containing hydrocarbon gases such as CF 4 gas, C 2 F 6 gas and C 3 F 8 
gas, and unsaturated fluorine-containing hydrocarbon gases such as C 3 F 4 gas and C 4 F 8 gas. Further, hydrogen- and 
fluorine-containing hydrocarbon gases may bo used, and specific examples thereof include CH 3 F gas and CH 2 F 2 gas. 
Generally, with an increase in the content of a fluorine component constituting the fluorine-containing hydrocarbon gas, 
the deposition of a fluoride-carbide-containing thin film (CF X thin film) from the fluorine-containing hydrocarbon gas 
comes to be more difficult. That is, for forming a fluoride-carbide-containing thin film, it is preferred to use a fluorine- 
containing hydrocarbon gas whose fluorine component content constituting the fluorine-containing hydrocarbon gas 
is small. For terminating (modifying) the surface of the carbon-group-material layer with fluorine atoms, it is preferred 
to use a fluorine-containing hydrocarbon gas whose fluorine component content constituting the fluorine-containing 
hydrocarbon gas is large. 

[0073] In the present invention, the carbon-group-material layer can be constituted from a graphite thin film, an 
amorphous carbon thin film, a diamond-like carbon thin film, a fullerene thin film, carbon nano-tubes or carbon-nano- 
fibers. When the carbon-group-material layer is formed from a hydrocarbon gas, the method of forming the carbon- 
group-material layer includes CVD methods such as a microwave plasma method, a transformer-coupled plasmameth- 
od, an inductively coupled plasma method, an electron cyclotron resonance plasma method, an RF plasma method, 
a helicon wave plasma CVD method and a capacitively coupled plasma CVD method, and a CVD method using a 
diode parallel plate plasma enhanced CVD system. The form of the thus-formed carbon-group-material layer not only 
includes the form of a thin film and a plate but also includes a carbon whisker, a carbon nano-tube and a carbon nano- 
f iber. Specifically, the above form includes nano-crystal diamond, nano-crystal graphite, a carbon nano-tube, a carbon 
nano-fiber and a carbon sheet. Under some forming conditions, the thus-formed carbon-group-material layer has the 
form of a cone. 

[0074] Specifically, the carbon nano-tube structure includes a carbon nano-tube and a carbon nano-fiber. More spe- 
cifically, the electron-emitting portion may be constituted of carbon nano-tubes, it may be constituted of carbon nano- 
f ibers, or it may be constituted of a mixture of carbon nano-tubes with carbon nano-fibers. Macroscopically, the carbon 
nano-tube and carbon nano-fiber may have the form of a powder or a thin film. The carbon nano-tube structure con- 
stituted of the carbon nano-tube and carbon nano-fiber can be produced or formed by a known PVD method as an arc 
discharge method and a laser abrasion method; and any one of various CVD methods such as a plasma CVD method, 
a laser CVD method, a thermal CVD method, a gaseous phase synthetic method and a gaseous phase growth method. 
[0075] In the manufacturing method of an electron emitting apparatus according to any one of the second-C and 
third-C aspects of the present invention, the manufacturing method of a cold cathode field emission device according 
to any one of the second-C, third-C, fifth-C, sixth-C, eighth-C and ninth-C aspects of the present invention, and the 
manufacturing method of a cold cathode field emission display according to any one of the second-C, third-C, fifth-C, 
sixth-C, eighth-C and ninth-C aspects of the present invention, the carbon nano-tube structures are fixed to the surface 
of the cathode electrode or the electrically conductive layer with a matrix containing metal atoms derived from the metal 
compound. The matrix is preferably constituted of an electrically conductive metal oxide. More specifically, it is pref- 
erably constituted of tin oxide, indium oxide, indium-tin oxide, zinc oxide, antimony oxide or antimony-tin oxide. After 
the firing, there can be obtained a state where part of each carbon nano-tube structure is embedded in the matrix, or 
there can be obtained a state where the entire portion of each carbon nano-tube is embedded in the matrix. The matrix 
preferably has a volume resistivity of 1 x 1 0" 9 £2-m to 5 x 10' 6 Q-m. 

[0076] The metal compound for constituting the metal compound solution includes, for example, an organometal 
compound, an organic acid metal compound and metal salts (for example, chloride, nitrate and acetate). The organic 
acid metal compound solution is, for example, a solution prepared by dissolving an organic tin compound, an organic 
indium compound, an organic zinc compound or an organic antimony compound in an acid (for example, hydrochloric 
acid, nitric acid or sulfuric acid) and diluting the resultant solution with an organic solvent (for example, toluene, butyl 
acetate or isopropyl alcohol). Further, the organic metal compound solution is, for example, a solution prepared by 
dissolving an organic tin compound, an organic indium compound, an organic zinc compound or an organic antimony 
compound in an organic solvent (for example, toluene, butyl acetate or isopropyl alcohol). When the amount of the 
solution is 1 00 parts by weight, the solution preferably has a composition containing 0.001 to 20 parts by weight of the 
carbon nano-tube structures and 0.1 to 1 0 parts by weight of the metal compound.The solution may contain a dispersing 
agent and a surfactant. From the viewpoint of increasing the thickness of the matrix, an additive such as carbon black 
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or the like may be added to the metal compound solution . In some cases, the organic solvent may be replaced with water. 
[0077] The method for applying, onto the cathode electrode or the electrically conductive layer, the metal compound 
solution in which the carbon nano-tube structures are dispersed includes a spray method, a spin coating method, a 
dipping method, a die quarter method and a screen printing method. Ot these, a spray method is preferred in view of 
easiness In application. 

[0078] There may be employed a constitution in which the metal compound solution in which the carbon nano-tube 
structures are dispersed is applied onto the cathode electrode or the electrically conductive layer the metal compound 
solution is dried to form a metal compound layer, then, an unnecessary portion of the metal compound layer on the 
cathode electrode or the electrically conductive layer is removed, and then the metal compound is fired. Otherwise, 
an unnecessary portion of the metal compound layer on the cathode electrode or the electrically conductive layer may 
be removed after the metal compound is fired. Otherwise, the metal compound solution may bo applied only onto a 
desired region of the cathode electrode or the electrically conductive layer. 

[0079] The temperature for firing the metal compound is preferably, for example, a temperature at which the metal 
salt is oxidized to form a metal oxide having electric conductivity, or a temperature at which the organometal compound 
or an organic acid metal compound is decomposed to form a matrix (for example, a metal oxide having electric con- 
ductivity) containing metal atoms constituting the organometal compound or the organic acid metal compound. For 
example, the above temperature is preferably at least 300°C. The upper limit of the firing temperature can be a tem- 
perature at which elements constituting the electron emitting apparatus, the field emission device or the cathode panel 
do not suffer any thermal damage and the like. 

[0080] In the manufacturing method of an electron emitting apparatus according to any one of the second-B, third- 
B, second-C and third-C aspects of the present invention, in the manufacturing method of an cold cathode field emission 
device according to any one of the second-B, third-B, fifth-B, sixth-B, eighth-B and ninth-B aspects of the present 
invention, in the manufacturing method of an cold cathode field emission display according to any one of the second- 
B, third-B, fifth-B, sixth-B, eighth-B and ninth-B aspects of the present invention, in the manufacturing method of an 
cold cathode field emission device according to any one of the second-C, third-C, fifth-C, sixth-C, eighth-C and ninth-C 
aspects of the present invention, and in the manufacturing method of an cold cathode field emission display according 
to any one of the second-C, third-C , fifth-C, sixth-C, eighth-C and ninth-C. aspects of the present invention , it is preferred 
to carry out a kind of an activation treatment (washing treatment) of the surface of the carbon-group-material layer 
after the forming of the carbon-group-material layer, since the efficiency of emission of electrons from the electron- 
emitting portion is further improved. The above activation treatment includes a plasma treatment in an atmosphere 
containing a gas such as hydrogen gas, ammonia gas, helium gas, argon gas, neon gas, methane gas, ethylene gas, 
acetylene gas or nitrogen gas. 

[0081] In the electron emitting apparatus according to any one of the first to third aspects of the present invention in 
which the selective-growth region is formed, in the cold cathode field emission device according to any one of the first 
to sixth aspects of the present invention in which the selective-growth region is formed, and in the cold cathode field 
emission display according to any one of the f irst to sixth aspects of the present invention in which the selective-growth 
region is formed, desirably, the selective-growth region is formed in a manner in which metal particles adhere onto the 
surface of the electrically conductive layer or the cathode electrode or in which a metal thin film or an organometal 
compound thin film is formed on the surface of the electrically conductive layer or the cathode electrode. 
[0082] In the cold cathode field emission device according to any one of the fourth to sixth aspects of the present 
invention in which the selective-growth region is formed, and in the cold cathode field emission display according to 
any one of the fourth to sixth aspects of the present invention in which the selective-growth region is formed, the 
selective-growth region may be formed in that portion of the cathode electrode which is positioned in a bottom portion 
of the opening portion, or the selective-growth region may be also formed so as to extend from that portion of the 
cathode electrode which is positioned in a bottom portion of the opening portion to a surface of that portion of the 
cathode electrode which is different from the cathode electrode portion in the bottom portion of the opening portion. 
Further, the selective-growth region may be formed on the entire surface or part of the surface of that portion of the 
cathode electrode that is positioned in the bottom portion of the opening portion. 

[0083] In the manufacturing method of an cold cathode field emission device according to any one of the fourth (2), 
fifth-A(2) and sixth-A(2) aspects of the present invention, and in the manufacturing method of an cold cathode field 
emission display according to any one of the fourth (2), fifth-A(2) and sixth-A(2) aspects of the present invention, the 
step of forming a selective-growth region on the surface of the cathode electrode (to be referred to as "the step of 
forming the selective-growth region" hereinafter) can be the step of forming a mask layer on the cathode electrode in 
a state where the surface of the cathode electrode is exposed in a central portion of the bottom portion of the second 
opening portion (i.e., forming a mask layer at least on a side wall of the second opening portion), and then allowing 
metal particles to adhere onto, or forming a metal thin layer or an organometallic compound thin layer on, the mask 
layer and the exposed surface of the cathode electrode. 

[0084] The above mask layer can be formed, for example, by a method in which a resist material layer or a hard 
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mask material layer Is formed on the entire surface and making a hole in a portion of the resist material layer or the 
hard mask material layer which portion is positioned in the central portion of the bottom portion of the second opening 
portion by lithography. In a state where the mask layer covers part of the cathode electrode which part is positioned in 
the bottom portion of the second opening portion, the side wall of the second opening portion, the side wall of the first 
opening portion, the insulating layer and the gate electrode, the selective-growth region is formed on the surface of 
the cathode electrode which surface is positioned in the central portion of the bottom portion of the second opening 
portion. Therefore, short-circuiting between the cathode electrode and the gate electrode through the metal particles 
or the metal thin layer can be reliably prevented. In some cases, the mask layer may cover the gate electrode alone. 
Otherwise, the mask layer may cover only the gate electrode in the vicinity of the first opening portion, or the mask 
layer may cover the gate electrode in the vicinity of the first opening portion and the side walls of the first and second 
opening portions. In these cases, a carbon-group-material layer may bo formed on the gate electrode depending upon 
an electrically conductive material constituting the gate electrode. However, electrons are not omitted when the above 
carbon-group-material layer is not placed in a high-intensity electric field. It is preferred to remove the mask layer before 
the formation of the carbon-group-material layer on the selective-growth region. 

[0085] The step of forming the selective-growth region preferably comprises the step of allowing metal particles to 
adhere onto, or forming a metal thin film or an organometal compound thin film on, the portion of the cathode electrode 
where the selective-growth region is to be formed, thereby to obtain the selective-growth region formed by allowing 
metal particles to adhere onto, or forming a metal thin film or an organometal compound thin film on, the surface of 
the portion of the cathode electrode. 

[0086] Otherwise, for making more reliable the selective-growth of the carbon-group-material layer on the selective- 
growth region, after the metal particles are allowed to adhere onto, or the metal thin layer or the organometallic com- 
pound thin layer is formed on, the surface of the cathode electrode, it is preferred to remove a metal oxide (so-called 
natural oxide film) on the surface of each metal particle or on the surface of the metal thin layer or the organometallic 
compound thin layer. The metal oxide on the surface of each metal particle or on the surface of the metal thin layer or 
the organometallic compound thin layer is preferably removed, for example, by plasma reduction treatment based on, 
in a hydrogen gas atmosphere, a microwave plasma method, a transformer-coupled plasma method, an inductively 
coupled plasma method, an electron cyclotron resonance plasma method or an RF plasma method; by sputtering in 
an argon gas atmosphere; or by washing, for example, with an acid such as hydrofluoric acid or a base. Preferably, 
the step of removing the metal oxide on the surface of each metal particle or on the surface of the metal thin layer or 
the organometallic compound thin layer is carried out immediately before the formation of the carbon-group-material 
layer on the selective-growth region. In the production of the electron emitting apparatus of the present invention, 
further, the above-explained various steps can be applied to the portion of the electrically conductive layer in which 
portion the. selective-growth region is to be formed. "The portion of the electrically conductive layer in which portion 
the selective-growth region is to be formed" will be sometimes simply referred to as " electrically conductive layer 
portion", and "the portion of the cathode electrode in which portion the selective-growth region is to be formed" will be 
sometimes simply referred to as "cathode electrode portion", hereinafter. 

[0087] The method for allowing the metal particles to adhere onto the surface of the electrically conductive layer 
portion or the cathode electrode portion includes, for example, a method in which, in a state where a region other than 
the region where the selective-growth region is to be formed in the electrically conductive layer or the cathode electrode 
is covered with a proper material (for example, a mask layer), a layer composed of a solvent and the metal particles 
is formed on the surface of the electrically conductive layer portion or the cathode electrode portion, and then, the 
solvent is removed while retaining the metal particles. Alternatively, the step of allowing the metal particles to adhere 
onto the surface of the electrically conductive layer portion or the cathode electrode portion includes, for example, a 
method in which, in a state where a region other than the region where the selective-growth region is to be formed in 
the electrically conductive layer or the cathode electrode is covered with a proper material (for example, a mask layer), 
metal compound particles containing metal atoms constituting the metal particles are allowed to adhere onto the surface 
of the electrically conductive layer or the cathode electrode, and then the metal compound particles are heated to 
decompose them, whereby there is obtained the selective-growth region constituted of the portion of the electrically 
conductive layer or the cathode electrode which portion has the surface onto which the metal particles adhere. In the 
above method, specifically, a layer composed of a solvent and metal compound particles is formed on the electrically 
conductive layer portion or the cathode electrode portion, and the solvent is removed while retaining the metal com- 
pound particles. The above metal compound particles are preferably composed of at least one material selected from 
the group consisting of halides (for example, iodides, chlorides, bromides, etc.), oxides and hydroxides of the metal 
and organic metal for constituting the metal particles. In the above methods, the material (for example, mask layer) 
covering the region other than the region where the selective-growth region is to be formed in the electrically conductive 
layer or the cathode electrode is removed at a proper stage. 

[0088] Although differing depending upon materials for constituting the metal thin layer, the method for forming the 
metal thin layer on the electrically conductive layer portion or the cathode electrode portion is selected, for example, 
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from a plating method such as an electroplating method and an electroless plating method, a chemical vapor deposition 
method (CVD method) including an MOCVD method, a physical vapor deposition method (PVD method) and a method 
of pyrolyzing an organometallic compound, in a state where a region other than the region where the selective-growth 
region is to be formed in the electrically conductive layer or the cathode electrode is covered with a proper material. 

5 The physical vapor deposition method includes (a) vacuum deposition methods such as an electron beam heating 
method, a resistance heating method and a flash deposition method, (b) a plasma' deposition method, (c) sputtering 
methods such as a bipolar sputtering method, a DC sputtering method, a DC magnetron sputtering method, a high- 
frequency sputtering method, a magnetron sputtering method, an ion beam sputtering method and a bias sputtering 
method, and (d) ion plating methods such as a DC (direct current) method, an RF method, a multi-cathode method, 

10 an activating reaction method, an electric field deposition method, a high-frequency ion plating method and a reactive 
ion-plating method. 

[0089] Preferably, the metal particles or the metal thin layer for forming the selective-growth region are/is composed 
of at least one metal selected from the group consisting of molybdenum (Mo), nickel (Ni), titanium (Ti), chromium (Cr), 
cobalt (Co), tungsten (W), zirconium (Zr), tantalum (Ta), iron (Fe), copper (Cu), platinum (Pt), zinc (Zn), cadmium (Cd), 

15 germanium (Ge), tin (Sn), lead (Pb), bismuth (Bi), silver (Ag), gold (Au), indium (In) and thallium (TI). 

[0090] The organometallic compound thin layer constituting the selective-growth region can be formed from an or- 
ganometallic compound containing at least one element selected from the group consisting of zinc (Zn), tin (Sn), alu- 
minum (Al), lead (Pb), nickel (Ni) and cobalt (Co). Further, it is preferably composed of a complex compound. Examples 
of the ligand constituting the above complex compound include acetylacetone, hexafluoroacetylacetone, dipivaloyl- 

20 methane and cyclopentadienyl. The organometallic compound thin layer may contain part of a decomposition product 
from an organometallic compound. 

[0091] The step of forming the organometallic compound thin layer on the electrically conductive layer portion or the 
cathode electrode portion can be the step of forming a layer composed of an organometallic compound solution on 
the electrically conductive layer portion or the cathode electrode portion, or the step of sublimating an organometallic 

25 compound to deposit it on the electrically conductive layer portion or the cathode electrode portion. In these cases, 
the organometallic compound thin layer constituting the selective-growth region is preferably composed of an organo- 
metallic compound containing at least one element selected from the group consisting of zinc (Zn), tin (Sn), aluminum 
(Al), lead (Pb), nickel (Ni) and cobalt (Co). Further, it is preferably composed of a complex compound. Examples of 
the ligand constituting the above complex compound include acetylacetone, hexafluoroacetylacetone, dipivaloylmeth- 

30 ane and cyclopentadienyl. The organometallic compound thin layer may contain part of a decomposition product from 
an organometallic compound. 

[0092] In the manufacturing method of a cold cathode field emission device according to any one of the fourth to 
ninth aspects of the present invention, or in the manufacturing method of a cold cathodefield emission display according 
to any one of the fourth to ninth aspects of the present invention, the method of forming a gate electrode having a first 

35 opening portion on the insulating layer includes, for example, a method in which an electrically conductive material 
layer for constituting the gate electrode is formed on the insulating layer; then, a patterned first mask material layer is 
formed on the electrically conductive material layer; the electrically conductive material layer is etched with using the 
above first mask material layer as an etching mask, to pattern the electrically conductive material layer; the first mask 
material layer is removed; then, a patterned second mask material layer is formed on the electrically conductive material 

40 layer and the insulating layer; and the electrically conductive material layer is etched with using the above second 
mask material layer as an etching mask, to form the first opening portion. Alternatively, there may be employed a 
method in which the gate electrode having the first opening portion is directly formed by a screen printing method. In 
these cases, the method of forming the second opening portion, communicating with the first opening portion formed 
through the gate electrode, in the insulating layer can be a method in which the insulating layer is etched with using 

45 the second mask material layer as an etching mask, or can be a method in which the insulating, layer is etched with 
using the first opening portion formed through the gate electrode as an etching mask. The first opening portion and 
the second opening portion have the relationship of a one-to-one correspondence. That is, one second opening portion 
is formed for one first opening portion. 

[0093] In the manufacturing method of a cold cathode field emission device according to any one of the seventh to 
so ninth aspects of the present invention, or in the manufacturing method of a cold cathodefield emission display according 
to any one of the seventh to ninth aspects of the present invention, the step of forming the gate electrode having the 
opening portion above the carbon-group-material layer or the step of forming the gate electrode having the opening 
portion above the selective-growth region may comprise the steps of forming a stripe-shaped gate electrode supporting 
member composed of an insulating material on the supporting member and arranging the gate electrode composed 
55 of a stripe-shaped or sheet-shaped metal layer having a plurality of opening portions formed therein, above the carbon- 
group-material layer or the selective-growth region such that the metal layer is in contact with top surfaces of the gate 
electrode supporting members. 

[0094] When the cold cathode field emission display is so-called "three-electrodes" type, generally, the cathode 



EP1 383151 A1 



electrode has an outer form of a stripe, and the gate electrode also has an outer form of a stripe. The cathode electrode 
in the form of a stripe extends in one direction, and the gate electrode in the form of a stripe extends in another direction. 
Preferably, a projection image of the cathode electrode in the form of a stripe and a projection image of the gate 
electrode in the form of a stripe cross each other at right angles. In a region where projection images of these two 
electrodes overlap (the region corresponding to one pixel and being an electron emitting region where the cathode 
electrode and the gale electrode overlap), one selective-growth region or a plurality of selective-growth regions are 
positioned. In the effective field of the cathode panel (a region which works as an actual display portion), further, such 
electron emitting regions are arranged in the form of a two-dimensional matrix. 

[0095] When the cold cathode field emission display is of a so-called "two-electrodes" type, the cathode electrode 
has the outer form of a stripe, and the anode electrode also has the outer form of a stripe. Alternatively, the cathode 
electrode has an outer so as to correspond to one pixel, and the anode electrode is shaped in the form of one sheet 
covering an effective field. 

[0096] The plan form of the first or second opening portion (form obtained by cutting the first or second opening 
portion with an imaginary plane in parallel with the cathode electrode) may be any form such as a circle, an oval, a 
rectangle, a polygon, a rounded rectangle or a rounded polygon. As described above, the first opening portion can be 
formed, for example, by isotropic etching or by a combination of anisotropic etching and isotropic etching. The first 
opening portion can be directly formed depending upon the forming method of the gate electrode. The second opening 
portion can also be formed, for example, by isotropic etching or by a combination of anisotropic etching and isotropic 
etching. 

[0097] It is sufficient that the carbon-group-material layer should be formed on the surface of the portion of the 
cathode electrode which portion is positioned in the bottom portion of the second opening portion. The carbon-group- 
material layer may be formed so as to extend from the portion of the cathode electrode which portion is positioned in 
the bottom portion of the second opening portion to a surface of a portion of the cathode electrode which portion is 
located in other than the bottom portion of the second opening portion. Further, the carbon-group-material layer may 
be formed on the entirety of the surface of the portion of the cathode electrode which portion is positioned in the bottom 
portion of the second opening portion, or it may be formed in part of the above portion. 

[0098] In the present invention, there may be employed a constitution in which the electrically conductive layer or 
the cathode electrode is constituted of one layer of an electrically conductive material layer or is constituted of a three 
layers of a lower electrically conductive material layer, a resistance layer formed on the lower electrically conductive 
material layer, and an upper electrically conductive material layer formed on the resistance layer. In the latter case, 
the selective-growth region is formed on the upper electrically conductive material layer. When the resistance layer is 
formed, uniform electron-emitting properties of the electron emitting portions can be attained. The material for consti- 
tuting a resistance layer includes carbon-containing materials such as silicon carbide (SiC) and SiCN: SiN; semicon- 
ductor materials such as amorphous silicon and the like; and refractory metal oxides such as ruthenium oxide (Ru0 2 ), 
tantalum oxide and tantalum nitride. The resistance layer can be formed by a sputtering method, a CVD method or a 
screen-printing method. The resistance value of the resistance layer is approximately 1 x 1 0 5 to 1 x 1 0 7 Q, preferably 
several M£2. 

[0099] When the cold cathode field emission display is a so-called "three-electrodes" type, there may be employed 
a constitution in which a second insulating layer is furtherformed on the gate electrode and the insulating layer and a 
focus electrode is formed on the second insulating layer. Otherwise, the focus electrode may be formed above the 
gate electrode. The above focus electrode is provided for converging the pass of electrons which are emitted through 
the opening portion and attracted toward the anode electrode so that the brightness can be improved and that an 
optical crosstalk among neighboring pixels can be prevented. The focus electrode is effective particularly for a so- 
called high-voltage type cold cathode field emission display in which the anode electrode and the cathode electrode 
have a potential difference on the order of several kilovolts and have a relatively large distance from one to the other. 
A relatively negative voltage is applied to the focus electrode from a focus-electrode control circuit. It is not necessarily 
required to provide the focus electrode per cold cathode field emission device. For example, the focus electrode may 
be extended in a predetermined direction in which the cold cathode field emission devices are arranged, so that a 
common focusing effect can be exerted on a plurality of the cold cathode field emission devices. 
[0100] In the manufacturing method of a cold cathode field emission display according to any one of the first to ninth 
aspects of the present invention, the bonding of the substrate and the supporting member in their circumferential 
portions may be carried out with an adhesive layer or with a frame made of an insulating rigid material such as glass 
or ceramic and an adhesive layer. When the frame and the adhesive layer are used in combination, the facing distance 
between the substrate and the supporting member can be adjusted to be longer by properly determining the height of 
the frame than that obtained when the adhesive layer alone is used. While a frit glass is generally used as a material 
for the adhesive layer, a so-called low-melting-point metal material having a melting point of approximately 120 to 400 
°C may be used. The low-melting-point metal material includes In (indium; melting point 157 °C); an indium-gold low- 
melting-point alloy; tin (Sn)-containing high-temperature solders such as Sn 80 Ag 2O (melting point 220 to 370 °C) and 



15 



EP 1 383 151 A1 



Sn 95 Cu 5 (melting point 227 to 370 °C); lead (Pb)-containing high-temperature solders such as Pb 97 5 Ag 2 5 (melting 
point 304 °C), Pb 94 5 Ag 5 5 (melting point 304 - 365 °C) and Pb 97 5 Ag-| 5 Sn., 0 (melting point 309 °C); zinc (Zn)-containing 
high-temperature solders such as Zn 95 AI 5 (melting point 380 °C); tin-lead-containing standard solders such as Sn 5 Pb 95 
(melting point 300 - 31 4 °C) and Sn 2 Pb 98 (melting point 31 6 - 322 °C); and brazing materials such as Au 88 Ga 12 (melting 

5 point 381 °C) (all of the above parenthesized values show atomic %). 

[0101] When three members of the substrate, the supporting member and the frame are bonded, these three mem- 
bers may be bonded al the same time, or one of the substrate and the supporting member may be bonded to the frame 
at a first stage and then the other of the substrate and the supporting member may be bonded to the frame at a second 
stage. When bonding of the three members or bonding at the second stage is carried out in a high-vacuum atmosphere, 

*o a space surrounded by the substrate, the supporting member, the frame and the adhesive layer comes to be a vacuum 
space upon bonding. Otherwise, after the three members arc bonded, the space surrounded by the substrate, the 
supporting member and the frame may be vacuumed to obtain a vacuum space. When the vacuuming is carried out 
after the bonding, the pressure in an atmosphere during the bonding may be any one of atmospheric pressure and 
. reduced pressure, and the gas constituting the atmosphere may be ambient atmosphere or an inert gas containing 

'5 nitrogen gas or a gas (for example, Ar gas) coming under the group O of the periodic table. 

[0102] When the vacuuming is carried out after the bonding, the vacuuming can be carried out through a tip tube 
pre-connected to the substrate and/or the supporting member. Typically, the tip tube is formed of a glass tube and is 
bonded to a circumference of a through-hole formed in an ineffective field of the substrate and/or the supporting member 
(i.e., a field other than the effective field which works as a display portion) with a frit glass or the above low-melting- 

20 point metal material. After the space reaches a predetermined vacuum degree, the tip tube is sealed by thermal fusion. 
It is preferred to heat and then temperature-decrease the cold cathode field emission display as a whole before the 
sealing, since residual gas can be released into the space, and the residual gas can be removed out of the space by 
vacuuming. 

[0103] The supporting member for constituting the cathode electrode may be any supporting member so long as it 

25 has a surface constituted of an insulating member. The supporting member includes a glass substrate, a glass substrate 
having an insulating film formed on its surface, a quartz substrate, a quartz substrate having an insulating film formed 
on its surface and a semiconductor substrate having an insulating film formed on its surface. From the viewpoint that 
the production cost is decreased, it is preferred to use a glass substrate or a glass substrate having an insulating film 
formed on its surface. Examples of the glass substrate include high-distortion glass, soda glass (Na 2 0-CaO-Si0 2 ), 

30 borosilicate glass (Na 2 0-B 2 0 3 -Si0 2 ), forsterite (2MgO-Si0 2 ) and lead glass (Na 2 0-PbO-Si0 2 ). The substrate for con- 
stituting the anode panel can have the same constitution as that of the above supporting member. In the electron 
emitting apparatus of the present invention, it is required to form the electrically conductive layer on the supporting 
member. Such a supporting member can be selected from the insulating materials or the same supporting members 
that are used for constituting the above cathode panel. 

35 [01 04] In the electron emitting apparatus according to any one of the first, second-A and third-A aspects of the present 
invention, in the cold cathode field emission device and the manufacturing method thereof according to any one of the 
first, second-A, third-A, fourth, fifth-A and sixth-A aspects of the present invention, in the cold cathode field emission 
display and the manufacturing method thereof according to any one of the first, second-A, third-A, fourth, fifth-A and 
sixth-A aspects of the present invention, or in the manufacturing method of a cold cathode field emission device or in 

40 a cold cathode field emission display according to anyone of the seventh, eighth-Aand ninth-A aspects of the present 
invention, it is preferred to constitute the electrically conductive layer or the cathode electrode from copper (Cu), silver 
(Ag) or gold (Au), from the viewpoint that the resistance of the electrically conductive layer orthe cathode electrode is 
decreased and that the carbon-group-material layer is reliably formed from a hydrocarbon gas without forming the 
selective-growth region, 

45 [0105] When the selective-growth region is provided orthe carbon-group-material layer is constituted of carbon-nano 
tube structure, the material for constituting an electrically conductive layer and a cathode electrode can be selected 
from metals such as tungsten (W), niobium (Nb), tantalum (Ta), titanium (Ti), molybdenum (Mo), chromium (Cr), alu- 
minum (Al), copper (Cu), gold (Au), silver (Ag) and the like; alloys and compounds containing these metal elements 
(for example, nitrides such asTiN and silicides such as WSi 2 , MoSi 2 , TiSi 2 andTaSi 2 ); semiconductors such as silicon 

50 (Si); carbon thin film such as diamond; and indium-tin oxide (ITO). Although not specially limited, the thickness of the 
cathode electrode is approximately 0.05 to 0.5 urn, preferably 0.1 to 0.3 u.m. 

[0106] The material for constituting the gate electrode includes at least one metal selected from the group consisting 
of tungsten (W), niobium (Nb), tantalum (Ta), titanium (Ti), molybdenum (Mo), chromium (Cr), aluminum (Al), copper 
(Cu), gold (Au), silver (Ag), nickel (Ni), cobalt (Co), zirconium (Zr), iron (Fe), platinum (Pt) and zinc (Zn); alloys or 
55 compounds containing these metal elements (for example, nitrides such as TiN and silicides such as WSi 2 , MoSi 2 , 
TiSi 2 and TaSi 2 ); semiconductors such as silicon (Si); and electrically conductive metal oxides such as ITO (indium- 
tin oxide), indium oxide and zinc oxide. 

[0107] The method for forming the cathode electrode and the gate electrode includes a combination of deposition 
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methods such as an electron beam deposition method, a hot filament deposition method, a sputtering method, a CVD 
method or an ion plating method with an etching method; a screen-printing method; a plating method; and a lift-off 
method. When a screen-printing method or a plating method is employed, the cathode electrodes and the gate elec- 
trodes in the form of stripes can be directly formed. 

s [0108] As a material for constituting an insulating layer and a second insulating layer, Si0 2 -containing material such 
as Si0 2 , BPSG, PSG, BSG, AsSG, PbSG, SiON and spin on glass (SOG), low melting-point glass and a glass paste, 
SiN, an insulating resin such as polyimide and the like can be used alone or in combination. The insulating layer and 
the second insulating layer can be formed by a known method such as a CVD method, an application method, a 
sputtering method or a screen printing method. 

10 [0109] The material for the anode electrode can be selected depending upon the constitution of the cold cathode 
field omission display. When the cold cathode field emission display is a transmission type (the substrate corresponds 
to a display portion) and when the anode electrode and the phosphor layer are stacked on the substrate in this order, 
not only the substrate on which the anode electrode is formed but also the anode electrode itself are required to be 
transparent, and a transparent electrically conductive material such as ITO (indium-tin oxide) is used. When the cold 

« cathode field emission display is a reflection type (the supporting member corresponds to a display portion), or when 
the cold cathode field emission is a transmission type but when the phosphor layer and the anode electrode are stacked 
on the substrate in this order (the anode electrode works as a metal back film as well), not only ITO can be used, but 
also the material can be selected from those materials which are discussed with regard to the cathode electrode, the 
gate electrode and the focus electrode, and preferably, can be selected from aluminum (Al) or chromium (Cr). When 

20 the anode electrode is constituted of aluminum (Al) or chromium (Cr), the specific thickness of the anode electrode is 
3 x 1 0" 8 m (30 nm) to 1 .5 x 1 0" 7 m (1 50 nm), preferably 5 x 1 0" 8 m (50 nm) to 1 x 1 0' 7 m (1 00 nm). The anode electrode 
can be formed by a vapor deposition method or a sputtering method. 

[0110] The phosphor material for the phosphor layer can be selected from a fast-electron-excitation type phosphor 
material or a slow-electron-excitation type phosphor material. When the cold cathode field emission display is a mon- 

25 ochrome display, it is not required to pattern the phosphor layer. When the cold cathode field emission display is a 
color display, preferably, the phosphor layers corresponding to three primary colors of red (R), green (G) and blue (B) 
patterned in the form of stripes or dots are alternately arranged. A black matrix may be filled in a gap between one 
patterned phosphor layer and another phosphor layer for improving a display screen in contrast. 
[0111] Examples of the constitution of the anode electrode and the phosphor layer include (1) a constitution in which 

30 the anode electrode is formed on the substrate and the phosphor layer is formed on the anode electrode and (2) a 
constitution in which the phosphor layer is formed on the substrate and the anode electrode is formed on the phosphor 
layer. In the above constitution (1), a so-called metal back film may be formed on the phosphor layer. In the above 
constitution (2), the metal back layer may be formed on the anode electrode. 

[0112] Further, the anode panel is preferably provided with a plurality of ribs for preventing the occurrence of a so- 
35 called optical crosstalk (color mixing) that is caused when electrons recoiling from the phosphor layer or secondary 
electrons emitted from the phosphor layer enter another phosphor layer, or for preventing the collision of electrons with 
other phosphor layer when electrons recoiling from the phosphor layer or secondary electrons emitted from the phos- 
phor layer enter other phosphor layer over the rib. 

[0113] The form of the ribs includes the form of a lattice (grilles), that is, a form in which the rib corresponding to one 
40 pixel surrounds the phosphor layer having a plan form of a nearly rectangle (or dot-shaped), and a stripe or band-like 
form that extends in parallel with opposite two sides of a rectangular or stripe-shaped phosphor layer. When the rib(s) 
have the form of a lattice, the rib may have a form in which the rib continuously or discontinuously surrounds four sides 
of one phosphor layer. When the rib(s) has the form of a stripe, the stripe may be continuous or discontinuous. The 
formed ribs may be polished to flatten the top surface of each rib. 
45 [0114] For improving the contrast of display images, preferably, a black matrix that absorbs light from the phosphor 
layer is formed between one phosphor layer and another adjacent phosphor layer and between the rib and the substrate. 
As a material for constituting the black matrix, it is preferred to select a material that absorbs at least 99 % of light from 
the phosphor layer. The above material includes carbon, a thin metal film (made, for example, of chromium, nickel, 
aluminum, molybdenum and an alloy of these), a metal oxide (for example, chromium oxide), metal nitride (for example, 
so chromium nitride), a heat-resistant organic resin, a glass paste, and a glass paste containing a black pigment or elec- 
trically conductive particles of silver or the like. Specific examples thereof include a photosensitive polyimide resin, 
chromium oxide and a chromium oxide/chromium stacked film. Concerning the chromium oxide/chromium stacked 
film, the chromium film is to be in contact with the substrate. 

[01 15] The electron emitting apparatus of the present invention can be not only applied to the electron emitting portion 
55 of a cold cathode field emission device but also incorporated into various electron beam sources typified by an electron 
beam source in an electron gun incorporated into a cathode ray tube, and a fluorescence display tube. 
[0116] In the electron emitting apparatus according to any one of the first to third aspects of the present invention, 
in the cold cathode field emission device according to any one of the first to third aspects of the present invention, or 
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in the cold cathode field emission display according to any one of the first to third aspects of the present invention, it 
is sufficient to bring the carbon-group-material layer in a proper electric field (for example, an electric field having an 
intensity of about 10 7 volt/m) for allowing the carbon-group-material layer to emit electrons. In the cold cathode field 
emission device or in the cold cathode field emission display according to any one of the fourth to sixth aspects of the 
present invention, electrons are emitted from the electron emitting portion comprising the carbon-group-material layer 
on the basis of an electric field (for example, an eleclric field having an intensity of aboul 1 0 7 volt/m) caused by applying 
voltages to the cathode electrode and the gate electrode. And, these electrons collide with the phosphor layer to give 
an image. 

[0117] In the present invention, the carbon-group-material layer is formed from a hydrocarbon gas and a fluorine- 
containing hydrocarbon gas, or the fluoride-carbide-containing thin film is formed on the surface of the carbon-group- 
material layer, or the surface of the carbon-group-matorial layer is terminated (modified) with fluorine atoms. Therefore, 
the electron emitting portion exhibits a kind of water repellency, and the adherence or adsorption of a gas or gaseous 
substance released from various members constituting the cathode electrode or the cold cathode field emission display, 
particularly, water to/on the electron emitting portion (specifically, the carbon-group-material layer) can be inhibited. 
As a result, the deterioration of properties of the electron emitting portion can be prevented. Further, since the electron 
emitting portion comprises the carbon-group-material layer, there can be obtained a cold cathode field emission device 
having high electron emission efficiency. 

[0118] In the present invention, further, when the electron emitting portion comprising the carbon-group-material 
layer is formed on the selective-growth region, a kind of catalytic reaction on the surface of the selective-growth region 
can be counted on. As a result, nucleation at an initial growth stage of the carbon-group-material layer smoothly pro- 
ceeds, and the nucleation promotes the growth of the carbon-group-material layer that follows, so that the electron 
emitting portion comprising the carbon-group-material layer can be formed on the predetermined portion of the elec- 
trically conductive layer or the cathode electrode. Further, it is not required to carry out the patterning of the carbon- 
group-material layer for bringing the carbon-group-material layer into a predetermined form. Furthermore, when the 
electron emitting portion comprising the carbon-group-material layer is formed on that portion of the cathode electrode 
which is positioned in the bottom portion of the opening portion and is constituted of a material having a function as a 
kind of catalyst, it is not required to carry out the patterning of the carbon-group-material layer for bringing the carbon- 
group-material layer into a predetermined form. Moreover, when the electron emitting portion is constituted of the 
carbon-nano-tube structures, the electron emitting portion can be easily formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0119] 

Fig. 1 is a schematic partial cross-sectional view of a cold cathode field emission display of Example 1 . 

Fig. 2 is a schematic perspective view of one electron emitting region in the cold cathode field emission display of 

Example 1 . 

Figs. 3A to 3D are schematic partial cross-sectional views of a supporting member, etc., for explaining the man- 
ufacturing method of an electron emitting apparatus of Example 1 . 

Figs. 4A to 4D are schematic partial cross-sectional views of a substrate, etc., for explaining the manufacturing 
method of an anode panel in the cold cathode field emission display of Example 1 . 
Fig. 5 is a schematic partial cross-sectional view of an electron emitting apparatus of Example 2. 
Figs. 6A and 6B are schematic partial cross-sectional views of a supporting member, etc., for explaining the man- 
ufacturing method of an electron emitting apparatus of Example 4. 

Fig. 7 is a schematic partial end view of a cold cathode field emission display of Example 5. 

Figs. 8A and 8B are schematic partial end views of the supporting member, etc., for explaining the manufacturing 

method of a cold cathode field emission device of Example 5. 

Fig. 9 is a schematic partial end view of a cold cathode field emission display of Example 8. 

Figs. 10A to 10C are schematic partial end views of a supporting member, etc., for explaining the manufacturing 

method of a cold cathode field emission device of Example 8. 

Figs. 1 1 A and 11 B, following Fig. 1 0C, are schematic partial end views of the supporting member, etc., for explaining 
the manufacturing method of the cold cathode field emission device of Example 8. 

Figs. 12A and 12B, following Fig. 11BC, are schematic partial end views of the supporting member, etc., for ex- 
plaining the manufacturing method of the cold cathode field emission device of Example 8. 
Figs. 13A and 13B are schematic partial end views of a supporting member, etc., for explaining a cold cathode 
field emission device of Example 11 . 

Figs. 14A and 14B are schematic partial end views of a.supporting member, etc., for explaining a cold cathode 
field emission device of Example 17. 
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Fig. 15, following Fig. 14B, is a schematic partial end view of the supporting member, etc., for explaining the cold 
cathode field emission device of Example 1 7. 

Fig. 16 is a schematic partial end view of a supporting member, etc., for explaining a cold cathode field emission 
device of Example 18. 

s Figs. 17A and 17B are schematic partial end views of a supporting member, etc., for explaining a cold cathode 

field emission device of Example 19 or 20. 

Figs. 1 8A and 1 8B, following Fig. 1 7B, are schematic partial end views of a supporting member, etc. , for explaining 
the cold cathode field emission device of Example 1 9 or 20. 

Fig. 19 is a schematic partial end view of a cold cathode field emission device having a focus electrode in the 
10 present invention. 

Fig. 20 is a schematic partial end view of a conventional cold cathode field emission display having a Spindt type 
cold cathode field emission device. 

Fig. 21 is a schematic partial perspective view of a cold cathode field emission display when a cathode panel and 
an anode panel are separated. 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

[01 20] The present invention will be explained on the basis of Examples with reference to drawings. 
20 Example 1 

[0121] Example 1 is concerned with the electron emitting apparatus according to the first aspect of the present 
invention and the manufacturing method thereof, the cold cathode field emission device (to be called "field emission 
device" for short hereinafter) according to the first aspect of the present invention, the cold cathode field emission 
25 display (to be called "display" for short hereinafter) according to the first aspect, the manufacturing method of a field 
emission device according to the first aspect (more specifically, first (1) aspect), and the manufacturing method of a 
display according to the first aspect (more specifically, first (i) aspect). Incidentally, displays in Examples 1 to 4 are 
so-called "two-electrodes" type displays. 

[0122] Fig. 1 shows a schematic partial cross-sectional view of the display of Example 1 , Fig. 2 shows a schematic 
so perspective view of one field emission device or one electron emitting apparatus, and Fig. 3D shows a schematic partial 
cross-sectional view of one field emission device or one electron emitting apparatus. 

[0123] The electron emitting apparatus or field emission device in Example 1 comprises a cathode electrode (elec- 
trically conductive layer) 11 having a selective-growth region 20 formed on its surface, and an electron emitting portion 
1 5 comprising a carbon-groupTmaterial layer 23 formed on the selective-growth region 20. The selective-growth region 
35 20 is constituted of metal particles 21 adhering to the surface of the cathode electrode (electrically conductive layer) 
11. Further, the carbon-group-material layer 23 is a layer formed from a hydrocarbon gas (specifically, CH 4 ) and a 
fluorine-containing hydrocarbon gas (specifically, CF 4 ). 

[0124] The display of Example 1 has a cathode paneiCP having an effective field where a large number of the above 
electron emitting apparatus or the field emission devices are formed in the form of a two-dimensional matrix and an 

40 anode panel A P. and the display has a plurality of pixels. The cathode panel CP and the anode panel AP are bonded 
to each other through a frame 34 in their circumferential portions. Further, the cathode panel CP has a vacuuming 
through-hole (not shown) in its ineffective field, and a tip tube (not shown) which is to be sealed after vacuuming is 
connected to the through-hole. The frame 34 is made of ceramic or glass and has a height, for example, of 1 .0 mm. 
In some cases, an adhesive layer alone may be used in place of the frame 34. 

45 [0125] The anode panel AP comprises a substrate 30, a phosphor layer 31 formed on the substrate 30 and formed 
in a predetermined pattern and an anode electrode 33 composed, for example, of one sheet-shaped aluminum thin 
film covering the entire surface of the effective field. A black matrix 32 is formed on the substrate 30 between one 
phosphor layer 31 and another phosphor layer 31 . The black matrix 32 may be omitted. When it is intended to produce 
a monochrome display, the phosphor layer 31 is not required to be in a predetermined pattern. Further, an anode 

so electrode composed of a transparent electrically conductivef ilm of ITO or the like may be formed between the substrate 
30 and the phosphor layer 31 . Otherwise, the anode panel AP may be constituted of the anode electrode 33 composed 
of a transparent electrically conductive film provided on the substrate 30, the phosphor layer 31 and the black matrix 
32 both formed on the anode electrode 32, and a light reflection electrically conductive film which is composed of 
aluminum, is formed on the phosphor layer 31 and the black matrix 32 and is electrically connected to the anode 

55 electrode 33. 

[0126] Each pixel is constituted of the cathode electrode 11 having a rectangular form, the electron emitting portion 
15 formed thereon and the phosphor layer 31 arranged in the effective field of the anode panel AP so as to face the 
electron emitting apparatus or the field emission device. In the effective field, such pixels are arranged on the order, 
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for example, of hundreds of thousands to several millions. 

[0127] Further, spacers 35 as auxiliary means are disposed between the cathode panel CP and the anode panel AP 
for maintaining a constant distance between these two panels, and the spacers 35 are disposed in regular intervals in 
the effective field. The form of the spacers 35 is not limited to a columnar form, and the spacers 35 may have a spherical 
form or may be ribs in the form of a stripe. It is not required to arrange the spacers 35 in four corners of each overlap 
region of Ihe anode electrode and the cathode electrode. The spacers 35 may be more sparsely arranged, or the 
arrangement thereof may be irregular. 

[0128] In the display, the voltage to be applied to the cathode electrode 1 1 is controlled in the unit of one pixel. When 
viewed as a plan view, the cathode electrode 11 has a nearly rectangular form as is schematically shown in Fig. 2, and 
each cathode electrode 1 1 is connected to a cathode-electrode control circuit 40A through a wiring 1 1 A and a switching 
element (not shown) formed, for example, of a TFT or a transistor. Further, the anode electrode 33 is connected to an 
anode-electrode control circuit 42. When a voltage higher than a threshold voltage is applied to each cathode electrode 
11 , electrons are emitted from the electron emitting portion 15 on the basis of a quantum tunnel effect due to an electric 
field generated by the anode electrode 33, and the electrons are attracted toward the anode electrode 33 and collide 
with the phosphor layer 31 . The brightness is controlled on the basis of a voltage applied to the cathode electrode 11 . 
[0129] The manufacturing method of the electron emitting apparatus, the field emission device and the display in 
Example 1 will be explained with reference to Figs. 3A to 3D and Figs. 4A to 4D hereinafter. Example 1 used nickel 
(Ni) as a material for constituting the selective-growth region 20. For simplification of drawings, Figs. 3A to 3D shows 
one electron emitting portion (electron emitting apparatus) or a constituent thereof alone on the cathode electrode 
(electrically conductive layer) 11. 

[Step-100] 

[0130] First, an electrically conductive material layer for a cathode electrode is formed on the supporting member 

10 made, for example, of a glass substrate. Then, the electrically conductive material layer is patterned by known 
lithography and a reactive ion etching method (RIE method), to form the rectangular cathode electrode (electrically 
conductive layer) 11 on the supporting member 1 0 (see Fig. 3A). At the same time, a wiring 11 A (see Fig. 2) connected 
to the cathode electrode (electrically conductive layer) 11 is formed on the supporting member 10. The electrically 
conductive material layer is composed, for example, of an approximately 0 . 2 urn thick aluminum (Al) layer formed by 
a sputtering method. 

[Step- 110] 

[0131] Then, the selective-growth region 20 is formed on the surface of the cathode electrode (electrically conductive 
layer) 11 . Specifically, a resist material layer is first formed on the entire surface by a spin coating method, and then a 
mask layer 1 6 composed of the mask material layer is formed by lithography so as to expose a surface of a portion of 
the cathode electrode (electrically conductive layer) 11 in which portion the selective-growth region 20 is to be formed, 
that is, a surface of the cathode electrode portion (see Fig. 3B). Then, metal particles are allowed to adhere onto the 
mask layer 1 6 and the exposed surface of the cathode electrode (electrically conductive layer) 1 1 . Specifically, a dis- 
persion prepared by dispersing nickel (Ni) fine particles in a polysiloxane solution (using isopropyl alcohol as a solvent) 
is applied to the entire surface by a spin coating method, to form a layer composed of the solvent and the metal particles 
on the cathode electrode portion. Then, the mask layer 1 6 is removed, and the solvent is removed by heating the above 
layer up to approximately 400 °C, to retain the metal particles 21 on the exposed surface of the cathode electrode 
(electrically conductive layer) 11 , whereby the selective-growth region 20 can be obtained (see Fig. 3C). The polysi- 
loxane works to fix the metal particles 21 to the exposed surface of the cathode electrode (electrically conductive layer) 

11 (so-called adhesive function). 

[Step-120] 

[01 32] Then , the electron emitting portion 1 5 comprising the carbon-group-material layer 23 is formed on the cathode 
electrode (electrically conductive layer) 11 from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. In Ex- 
ample 1 , specifically, a carbon-group-material layer 23 having a thickness of approximately 0.2 u/n is formed on the 
selective-growth region 20 from a hydrocarbon gas and a fluorine-containing hydrocarbon gas, to obtain the electron 
emitting portion 15. Fig. 3D shows the thus-formed state. The following Table 1 shows a forming condition of the carbon- 
group-material layer 23 on the basis of a microwave plasma CVD method. Under the forming condition of a conventional 
carbon-group-material layer, a forming temperature of approximately 900°C is required. In Example 1, the forming 
temperature of 500°C was sufficient for stable formation. The carbon-group-material layer does not grow on the cathode 
electrode (electrically conductive layer) 11 made of aluminum and the wiring 11 A made of aluminum. 
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Table 1 



[Forming condition of carbon-group-material layer] 


Gas used 


CH 4 /H 2 /CF4.= 100/10/10 SCCM 


Pressure 


1.3x10 3 Pa 


Microwave power 


500 W (13.56 MHz) 


Forming temperature 


500°C 



[0133] Under the forming condition of the carbon-group-material layer shown in Table 1 , microscopically, a relatively 
porous carbon nano-tube is formed, and al the same time, a fluoride-carbide-conlaining substance (CF X ) is taken into 
the carbon nano-tube. 

Macroscopically, the carbon-group-material layer 23 is formed, and the carbon-group-material layer 23 as a whole 
exhibits a kind of water repellency. 

[Step- 130] 

[0134] Then, a display is assembled. Specifically, the anode panel AP and the cathode panel CP are arranged such 
that the phosphor layer 31 and the electron emitting apparatus (or field emission device) face each other, and the 
anode panel AP and the cathode panel CP (more specifically, the substrate 30 and the supporting member 10) are 
bonded to each other in their circumferential portions through the frame 34. In the bonding, a frit glass is applied to 
bonding portions of the frame 34 and the anode panel AP and bonding portions of the frame 34 and the cathode panel 
CP. Then, the anode panel AP, the cathode panel CP and the frame 34 are attached. The frit glass is pre-calcined or 
pre-sintered to be dried, and then fully calcined or sintered at approximately 450 °C for 1 0 to 30 minutes. Then, a space 
surrounded by the anode panel AP, the cathode panel CP, the frame 34 and the frit glass is vacuumed through a 
through-hole (not shown) and a tip tube,(not shown), and when the space comes to have a pressure of approximately 
10 4 Pa, the tip tube is sealed by thermal fusion. In the above manner, the space surrounded by the anode panel AP, 
the cathode panel CP and the frame 34 can be vacuumed. Then, wiring to external circuits is carried out to complete 
the display. 

[0135] One example of method of preparing the anode panel AP in the display shown in Fig. 1 will be explained with 
reference to Figs. 4A to 4D. First, a light-emitting crystal particle composition is prepared. For this purpose, for example, 
a dispersing agent is dispersed in pure water, and the mixture is stirred with a homo-mixer at 3000 rpm for 1 minute. 
Then, the light-emitting crystal particles are poured into the dispersion of the dispersing agent and pure water, and the 
mixture is stirred with a homo-mixer at 5000 rpm for 5 minutes. Then, for example, polyvinyl alcohol and ammonium 
bichromate are added, and the resultant mixture is fully stirred and filtered. 

[0136] In the preparation of the anode panel AP, a photosensitive coating 50 is formed (applied) on the entire surface 
of a substrate 30 made, for example, of glass. Then, the photosensitive coating 50 formed on the substrate 30 is 
exposed to ultraviolet ray which is radiated from a light source (not shown) and passes through openings 54 formed 
in a mask 53 , to form a light-exposed region 51 (see Fig. 4A). Then, the photosensitive coating 50 is selectively removed 
by development, to retain a remaining photosensitive coating portion (exposed and developed photosensitive coating) 
52 on the substrate 30 (see Fig. 4B). Then, a carbon agent (carbon slurry) is applied to the entire surface, dried and 
calcined or sintered, and then, the remaining photosensitive coating portion 52 and the carbon agent thereon are 
removed by a lift-off method, whereby a black matrix 32 composed of the carbon agent is formed on the exposed 
substrate 30, and at the same time, the remaining photosensitive coating portion 52 is removed (see Fig. 4C). Then, 
phosphor layers 31 of red, green and blue are formed on the exposed substrate 30 (see Fig. 4D). Specifically, the light- 
emitting crystal particle compositions prepared from the light-emitting crystal particles (phosphor particles) are used. 
For example, a red photosensitive light-emitting crystal particle composition (phosphor slurry) is applied to the entire 
surface, followed by exposure to ultraviolet ray and development. Then, a green photosensitive light-emitting crystal 
particle composition (phosphor slurry) is applied to the entire surface, followed by exposure to ultraviolet ray and de- 
velopment. Further, a blue photosensitive light-emitting crystal particle composition (phosphor slurry) is applied to the 
entire surface, followed by exposure to ultraviolet ray and development. Then, the anode electrode 33 composed of 
an approximately 0.07 u,m thick aluminum thin film is formed on the phosphor layers 31 and the black matrix 32 by a 
sputtering method. Alternatively, each phosphor layer 31 can be also formed by a screen-printing method or the like. 
[0137] In the display having the above constitution, the electron emitting portion of each electron emitting apparatus 
comprises the flat carbon-group-material layer 23 having a low work function, and the fabrication thereof does not 
require such complicated and advanced fabrication techniques as have been required concerning the conventional 
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Spindt type field emission device. Moreover, the etching of the carbon-group-material layer 23 is no longer required. 
When the area of the effective field of a display increases and when the number of electron emitting portions to be 
formed increases accordingly to a great extent, the electron emission efficiency of the electron emitting portions can 
be rendered uniform throughout the entire region of the effective field, and there can be realized a display which is 
s remarkably free of non-unlformlty in brightness and has high image quality. 

[0138] The pressure inside the display was adjusled to 1 x 1 0 -5 Pa (mainly, nitrogen gas was present), the H 2 0 
partial pressure was set at 1 x 10" 6 Pa, and the display was measured for electron emission properties. In addition, a 
display was manufactured by forming a carbon-group-material layer without using CF 4 under the forming condition of 
the carbon-group-material layer shown in Table 1 , and the display was used as Comparative Example. As a result, the 
deterioration of properties of the electron emitting portion of the display of Example 1 was remarkably small as compared 
with the counterpart of the display of Comparative Example. 

Example 2 

15 [01 39] Example 2 is concerned with the electron emitting apparatus according to the second aspect (more specifically, 
second-A aspect) of the present invention and the manufacturing method thereof, the field emission device according 
to the second aspect (more specifically, second-A aspect), the manufacturing method of a field emission device ac- 
cording to the second aspect (more specifically, second-A and second-A(1) aspects), the display according to the 
second aspect (more specifically, second-A aspect), and themanufacturing method of a display according to the second 

20 aspect (more specifically, second-A and second-A(1 ) aspects). 

[0140] Since the display of Example 2 can have the same structure as that of the display of Example 1 , the detailed 
explanation thereof is omitted. Fig. 5 shows a schematic partial cross-sectional view of one electron emitting apparatus 
or field emission device. The schematic partial cross-sectional view of the display of Example 2 and the schematic 
perspective view of one field emission device or one electron emitting portion are as shown in Figs. 1 and 2. 

25 [0141] The electron emitting apparatus or field emission device in Example 2 also comprises a cathode electrode 
(electrically conductive layer) 11 having a selective-growth region 20 formed on its surface, and an electron emitting 
portion 15 formed on the selective-growth region 20. The selective-growth region 20 is constituted of metal particles 
21 adhering to the surface of the cathode electrode (electrically conductive layer) 11. Further, the electron emitting 
portion comprises a carbon-group-material layer 23 and a fluoride-carbide-containing thin film (CF X thin film) 24 formed 

30 on the surface of the carbon-group-material layer. The carbon-group-material layer 23 is formed from a hydrocarbon 
gas (specifically, CH 4 ), and the fluoride-carbide-containing thin film 24 is formed from a fluorine-containing hydrocarbon 
gas (specifically. CH 2 F 2 ). 

[0142] The manufacturing method of the electron emitting apparatus, the field emission device and the display in 
Example 2 will be explained below. Example 2 used zinc (Zn) as a material for constituting the selective-growth region 

35 20. 

[Step-200] 

[0143] A cathode electrode (electrically conductive layer) 11 made of aluminum (Al) and a wiring 11 A made of alu- 
40 minum (Al) are formed on a supporting member 1 0 made, for example, of a glass substrate in the same manner as in 
[Step-1 00] of Example 1. 

[Step-210] 

45 [0144] -Then, a selective-growth region 20 is formed on the surface of the cathode electrode (electrically conductive 
layer) 11 in the same manner as in [Step-110] of Example 1. However, Example 2 used a solution of fine zinc (Zn) 
particles dispersed in a polysiloxane solution (using isopropyl alcohol as a solvent). 

[Step-220] 

50 

[0145] Then, the carbon-group-material layer is formed on the cathode electrode (electrically conductive layer) 11 
from a hydrocarbon gas. In Example 2, specifically, a carbon-group-material layer 23 having a thickness of approxi- 
mately 0.2 urn is formed on the selective-growth region 20 from a hydrocarbon gas. Table 2 shows a forming condition 
of the carbon-group-material layer 23 based on a microwave plasma CVD method. Under the forming condition of a 
55 conventional carbon-group-material layer, a forming temperature of approximately 900°C is required. In Example 2, 
the forming temperature of 500°C was sufficient for stable formation. The carbon-group-material layer does not grow 
on the cathode electrode (electrically conductive layer) 11 made of aluminum and the wiring 11 A made of aluminum. 
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Table 2 



[Forming condition of carbon-group-material layer] 


Gas used 


CH 4 /H 2 =100/10SCCM 


Pressure 


1.3 x10 3 Pa 


Microwave power 


500 W (13.56 MHz) 


Forming temperature 


400°C 



[Step-230] 

[0146] Then, a fluoride-carbide-containing thin film (CF X thin film) 24 is formed on the surface of the carbon-group- 
material layer 23 from a fluorine-containing hydrocarbon gas, thereby to obtain an electron emitting portion 15 com- 
prising the carbon-group-material layer 23 and the fluoride-carbide-containing thin film 24 formed on the surface of the 
carbon-group-material layer 23. The following Table 3 shows a forming condition of the fluoride-carbide-containing thin 
film (CF X thin film) 24 based on a microwave plasma CVD method. 



Table 3 



[Forming condition of fluoride-carbide-containing thin film] 


Gas used 


CH 2 F 2 = 100 SCCM 


Pressure 


1 .3 x 1 0 3 Pa 


Microwave power 


500 W (13.56 MHz) 


Forming temperature 


400°C 



[0147] Under the forming condition of the fluoride-carbide-containing thin film (CF X thin film) 24 shown in Table 3, 
the fluoride-carbide-containing thin film (CF X thin film) 24 is formed on the surface of the carbon nano-tube, and the 
electron emitting portion 15 as a whole exhibits a kind of water repellency. 

[Step-240] 

[0148] Then, a display is assembled in the same manner as in [Step-130] of Example 1 . 

[0149] The pressure inside the display was adjusted to 1 x 10" 5 Pa (mainly, nitrogen gas was present), the H 2 0 
partial pressure was set at 1 x 10" 6 Pa, and the display was measured for electron emission properties. In addition, a 
display was similarly manufactured without [Step-230] and used as Comparative Example. As a result, the deterioration 
of properties of the electron emitting portion of the display of Example 2 was remarkably small as compared with the 
counterpart of the display of Comparative Example. 

Example 3 

[0150] Example 3 is concerned with the electron emitting apparatus according to the third aspect (more specifically, 
third-A aspect) of the present invention and the manufacturing method thereof, the field emission device according to 
the third aspect (more specifically, third-A aspect), the manufacturing method of a field emission device according to 
the third aspect (more specifically, the third-A and third-A(1) aspects), the display according to the third aspect (more 
specifically, third-A aspect), and the manufacturing method of a display according to the third aspect (more specifically, 
the third-A aspect and third-A(1) aspect). 

[0151] The electron emitting apparatus, the field emission device and the display in Example 3 can have the same 
constitutions as those in Example 1 , so that the detailed explanations thereof are omitted. The schematic partial cross- 
sectional view of the display and the schematic perspective view and the schematic partial cross-sectional view of one 
field emission device or one electron emitting apparatus in Example 3 are as shown in Fig. 1, Fig. 2 and Fig. 3D. 
[0152] The electron emitting apparatus or field emission device in Example 3 also comprises a cathode electrode 
(electrically conductive layer) 11 having a selective-growth region 20 formed on its surface, and an electron emitting 
portion 15 formed on the selective-growth region 20. The selective-growth region 20 is constituted of metal particles 
21 adhering to the surface of the cathode electrode (electrically conductive layer) 11 . The electron emitting portion 
comprises a carbon-group-material layer 23. The carbon-group-material layer 23 is a layer formed from a hydrocarbon 



23 



EP 1 383 151 A1 



gas (specifically, CH 4 ). The surface of the carbon-group-material layer 23 is terminated (modified) with fluorine atoms. 
That is, C-H bonds present in the surface of the carbon-group-material layer 23 are replaced with C-F bonds, and the 
carbon-group-material layer 23 as a whole therefore exhibits a kind of water repellency. 

[0153] The manufacturing method of the electron emitting apparatus, the field emission device and the display in 
Example 3 will be explained below. Example 3 used aluminum (Al) for the cathode electrode (electrically conductive 
layer) 11 and used a coball-nickel alloy as a material for constituting the selective-growth region 20. 

[Step-300] 

[0154] First, the cathode electrode (electrically conductive layer) 11 made of aluminum (Al) and a wiring 11 A made 
of aluminum (Al) are formed on a supporting member 10 made, for example, of a glass substrate in the same manner 
as in [Step-1 00] in Example 1 . 

[Step-310] 

[0155] Then, the selective-growth region 20 is formed on the surface of the cathode electrode (electrically conductive 
layer) 1 1 in the same manner as in [Step-1 1 0] in Example 1 . However, Example 3 used a solution of cobalt-nickel alloy 
(Co-Ni alloy) fine particles dispersed in a polysiloxane solution (using isopropyl alcohol as a solvent). 

[Step-320] 

[0156] Then, a carbon-group-material layer is formed on the cathode electrode (electrically conductive layer) 11 from 
a hydrocarbon gas. In Example 3, specifically, a carbon-grpup-material layer 23 having a thickness of approximately 
0.2 u.m is formed on the selective-growth region 20 from a hydrocarbon gas. The following Table 4 shows a forming 
condition of the carbon-group-material layer 23 based on an ICP-CVD method. Under the forming condition of a con- 
ventional carbon-group-material layer, a forming temperature of approximately 900°C is required. In Example 3, the 
forming temperature of 400°C was sufficient for stable formation. The carbon-group-material layer does not grow on 
the cathode electrode (electrically conductive layer) 11 made of aluminum and the wiring 11 A made of aluminum. . 



Table 4 



[Forming condition of carbon-group-material layer] 


Gas used 


CH 4 /H 2 = 100/10SCCM 


Pressure 


1.3 x 10 3 Pa 


Microwave power 


500 W (13.56 MHz) 


Forming temperature 


400°C 



[Step-330] 

[0157] Then, the surface of the carbon-group-material layer 23 is terminated (modified) with a fluorine-containing 
hydrocarbon gas, thereby to obtain an electron emitting portion 15 comprising the carbon-group-material layer 23 
whose surface is terminated (modified) with fluorine atoms. The following Table 5 shows a termination (modification) 
condition of the carbon-group-material layer 23 based on an ICP-CVD method. 



Table 5 



Permin'ation condition of surface of carbon-group-material layer] 


Gas used 


CF 4 = 100 SCCM 


Pressure 


1.3 x 10 3 Pa 


ICP power 


500 W (13.56 MHz) 


Forming temperature 


400°C 



[0158] Under the termination (modification) condition of the carbon-group-material layer shown in Table 5, CF 4 gas 
is used unlike the forming condition of the fluoride-carbide-containing thin film (CF X thin film) 24 shown in Table 3, so 
that the content of the fluorine component constituting the fluorine-containing hydrocarbon gas is high and that the 
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deposition of the fluoride-carbide-containing thin film (CF X thin film) based on the fluorine-containing hydrocarbon gas 
is hence difficult. The surface of the carbon nano-tube is terminated (modified) with fluorine atoms, that is, C-H bonds 
are replaced with C-F bonds, so that the carbon-group-material layer 23 as a whole exhibits a kind of water repellency. 

[Step-340] 

[0159] Then, a display is assembled in the same manner as in [Step-130] in Example 1. 

[0160] The pressure inside the display was adjusted to 1 x 10' 5 Pa (mainly, nitrogen gas was present), the H 2 0 
partial pressure was set at 1 x 10" 6 Pa, and the display was measured for electron emission properties. In addition, a 
display was similarly manufactured without [Step-330] and used as Comparative Example. As a result, the deterioration 
of properties of the electron omitting portion of the display of Example 3 was remarkably small as compared with the 
counterpart of the display of Comparative Example. 

Example 4 

[0161] Example 4 are concerned with variants of the electron emitting apparatus, the field emission device and the 
display and the manufacturing methods of them, explained in Example 1. In the manufacturing method explained in 
Example 1 , the metal particles 21 were allowed to adhere onto the cathode electrode portion. In Example 4, the step 
of forming a selective-growth region comprises the step of forming a metal thin film made of titanium (Ti) on the basis 
of a sputtering method. The manufacturing method of the electron emitting apparatus, the field emission device and 
the display in Example 4 will be explained below with reference to Figs. 6A and 6B. For simplification of drawings, Figs. 
6A and 6B show one electron emitting portion (electron emitting apparatus) on a cathode electrode (electrically con- 
ductive layer) 11 or their constituting elements alone. 

[Step-400] 

[0162] First, a cathode electrode (electrically conductive layer) 11 is formed on a supporting member 10 made, for 
example, of a glass substrate in the same manner as in [Step-100] in Example 1 . Then, a resist material layer is formed 
on the entire surface by a spin coating method, and a lithographical method is applied to form a mask layer (made of 
the resist material layer) where the surface of the cathode electrode portion is exposed. 

[Step-410] 

[0163] Then, a metal thin film 22 is formed on the mask layer including the exposed surface of the cathode electrode 
(electrically conductive layer) 1 1 by a sputtering method under a condition shown in Table 6. Then, the mask layer is 
removed (see Fig. 6A). In this manner, a selective-growth region 20 comprising the metal thin film 22 formed on the 
cathode electrode portion can be obtained. 



Table 6 



[Forming condition of metal thin film] 


Target 


Ti. 


Process gas 


Ar= 100 SCCM 


DC power 


4kW 


Pressure 


0.4 Pa 


Supporting member heating temperature 


150°C 


Film thickness 


30 nm 



[Step-420] 

[0164] Then , a carbon-group-material layer 23 having a thickness of approximately 0.2 urn is formed on the selective- 
growth region 20 in the same manner as in [Step-120] in Example 1, to obtain an electron emitting portion (see Fig. 
6B). Then, a display is assembled in the same manner as in [Step-130] in Example 1 . 

[0165] When [Step-220] and [Step-230] in Example 2 are carried out in [Step-420], the electron emitting apparatus 
or the display according to the second aspect of the present invention can be obtained. 
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[0166] Alternatively, when [Step-320] and [Step-330] in Example 3 are carried out, the electron emitting apparatus 
or the display according to the third aspect of the present invention can be obtained. 

Example 5 

[0167] Example 5 is concerned with the electron emitting apparatus according to Ihe first aspect of the present 
invention, the field emission device and the manufacturing method thereof according to the fourth aspect of the present 
invention, and the display and the manufacturing method thereof according to the fourth aspect of the present invention. 
Displays in Examples 5 to 20 are so-called "three-electrodes" type displays. 

[0168] Fig. 7 shows a schematic partial end view of the display of Example 5, and Fig. 8B shows a basic constitution 
of the field emission device or electron emitting apparatus. The schematic partial perspective view obtained when a 
cathode panel CP and an anode panel AP are separated is substantially as shown in Fig. 21 . 
[0169] The field emissioh device or the electron emitting apparatus of Example 5 has a cathode electrode (corre- 
sponding to an electrically conductive layer) 1 1 formed on a supporting member 1 0 and a gate electrode 13 which is 
formed above the cathode electrode 11 and has an opening portion (first opening portion 14A). The field emission 
deviceorthe electron emitting apparatus further has an electron emitting portion 1 5 comprising a carbon-group-material 
layer 23 formed on a surface of a portion of a cathode electrode 11 which portion is positioned in a bottom portion of 
the first opening portion 1 4A. An insulating layer 1 2 is formed on the supporting member 1 0 and the cathode electrode 
11 , and a second opening portion 14B communicating with the first opening portion 14A formed in the gate electrode 
1 3 is formed in the insulating layer 1 2. In Example 5, the cathode electrode (electrically conductive layer) 1 1 is composed 
of copper (Cu). 

[0170] The display of Example 5 is also constituted of a cathode panel CP having a number of electron emitting 
regions, provided with the above-mentioned field emission devices and formed in an effective field in the form of a two- 
dimensional matrix and an anode panel AP, and the display has a plurality of pixels. The cathode panel CP and the 
anode panel AP are bonded to each other in their circumferential portions through a frame 34. Further, a through-hole 
36 for vacuuming is formed in an ineffective field of the cathode panel CP, and a tip tube 37 which is to be sealed after 
vacuuming is connected to the through-hole 36. the frame 34 is made of ceramic and has a height, for example, of 
1 .0 mm. In some cases, an adhesive layer alone may be used in place of the frame 34. 

[01 71 ] The anode panel AP can have the same structure as that explained in Example 1 , so that a detailed explanation 
thereof is omitted. 

[0172] Each pixel is constituted of the cathode electrode 11 having the form of a stripe, the electron emitting portion 
15 formed thereon and a phosphor layer 31 arranged in the effective field of the anode panel APso as to face the field 
emission device. In the effective field, such pixels are arranged on the order of hundreds of thousands to several 
millions. 

[0173] A relatively negative voltage is applied to the cathode electrode 11 from a cathode-electrode control circuit 
40, a relatively positive voltage is applied to the gate electrode 1 3 from a gate-electrode control circuit 41 , and a higher 
positive voltage than the voltage to the gate electrode 1 3 is applied to the anode electrode 33 from an anode-electrode 
control circuit 42. When such a display is used for displaying, for example, a scanning signal is inputted to the cathode 
electrode 11 from the cathode-electrode control circuit 40, and a video signal is inputted to the gate electrode 13 from 
the gate-electrode control circuit 41 . Alternatively, it may be employed the constitution in which the video signal is 
inputted to the cathode electrode 11 from the cathode-electrode control circuit 40, and the scanning signal is inputted 
to the gate electrode 13 from the gate-electrode control circuit 41. Electrons are emitted from the electron emitting 
portion 1 5 on the basis of a quantum tunnel effect due to an electric filed generated when a voltage is applied between 
the cathode electrode 11 and the gate electrode 13, and the electrons are attracted toward the anode electrode 33 
and collide with the phosphor layer 31. As a result, the phosphor layer 31 is excited to emit light, and a desired image 
can be obtained. 

[0174] The manufacturing method of the electron emitting apparatus, the field emission device and the display in 
Example 5 will be explained below with reference to Figs. 8Aand 8B. For simplification of drawings, Figs. 8A and 8B 
show one electron emitting portion in an overlapping region of a cathode electrode 11 and a gate electrode 13 or their 
constituting elements alone. 

[Step-500] 

[0175] First, an electrically conductive material layer for a cathode electrode is formed on the supporting member 
10 made, for example, of a glass substrate. Then, the electrically conductive material layer is patterned by known 
lithography and a known RIE method, to form the cathode electrode (electrically conductive layer) 11 having the form 
of a stripe on the supporting member 1 0. The cathode electrode (electrically conductive layer) 1 1 in the form of a stripe 
extends leftward and rightward on the paper surface of the drawing. The electrically conductive material layer is com- 
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posed, for example, of an approximately 0.2 u,m thick copper (Cu) layer formed by a sputtering method. 
LStep-510) 

[0176] Then , the insulating layer 1 2 is formed on the supporting member 1 0 and the cathode electrode 1 1 . Specifically, 
the insulating layer 12 having a thickness of approximately 1 u.m is formed on the entire surface, for example, by a 
CVD method using TEOS (lelraelhoxysilane) as a source gas. Table 7 shows one example of a condition of forming 
the insulating layer 12. 



Table 7 



(Condition of forming insulating layer) 


TEOS flow rate 


800 SCCM 


0 2 flow rate 


600 SCCM 


Pressure 


1.1 kPa 


RF power 


0.7 kW (13.56 MHz) 


Film forming temperature 


400 °C 



LStep-520] 

[0177] Then, the gate electrode 13 having the first opening portion 14A is formed on the insulating layer 12. Specif- 
ically, an electrically conductive material layer composed of aluminum (Al) for a gate electrode is formed on the insu- 
lating layer 12 by a sputtering method, and then a first mask material layer (not shown) patterned is formed on the 
electrically conductive material layer. The electrically conductive material layer is etched with using the first mask 
material layer as an etching mask to pattern the electrically conductive material layer in the form of a stripe, and then 
the first mask material layer is removed. Then, a second mask material layer (not shown) patterned is formed on the 
electrically conductive material layer and the insulating layer 12, and the electrically conductive material layer is etched 
with using the second mask material layer as an etching mask. In this manner, the gate electrode 13 having the first 
opening portion 14A can be formed on the insulating layer 12. The gate electrode 13 in the form of a stripe extends in 
a direction (for example, direction perpendicular to the paper surface of the drawing) different from the direction of the 
cathode electrode 1 1 . Thereafter, the second opening portion 14B communicating with the first opening portion 14A 
formed in the gate electrode 13 is formed in the insulating layer 12. Specifically, the insulating layer 12 is etched by 
an RIE method using the second mask material layer as an etching mask, and then the second mask material layer is 
removed. In this manner, a structure shown in Fig. 8A can be obtained. Table 8 shows a condition of etching the 
insulating layer 12. In Example 5, thefirst opening portion 14A and the second opening portion 14B has a one-to-one 
correspondence relationship. That is, one second opening portion 14B is formed per first opening portion 14A. When 
viewed as a plan view, the first and the second opening portions 14A and 14B have the form of a circle having a 
diameter of 1 to 30 u.m. It is sufficient to form the opening portions 14A and 14B in the quantity of approximately 1 to 
3000 per pixel. 



Table 8 



(Condition of etching insulating layer) 


Etching apparatus 


Parallel plate reactive ion etching system 


C 4 F 8 flow rate 


30 SCCM 


CO flow rate 


70 SCCM 


Ar flow rate 


300 SCCM 


Pressure 


7.3 Pa 


RF power 


1.3 kW (13.56 MHz) 


Etching temperature 


room temperature 
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[Step-530] 

[01 78] Then , the electron emitting portion 1 5 comprising the carbon-group-material layer 23 is formed on the surface 
of a portion of the cathode electrode 11 which portion is positioned in a bottom portion of the opening portions 14A and 
14B. The cathode electrode 11 is composed of a copper (Cu) which works as a kind of a catalyst. Specifically, the 
carbon-group-malerial layer 23 having a thickness of approximately 0.2 urn is formed on the portion of the cathode 
electrode 1 1 to obtain the electron emitting portion 1 5 in the same manner as in [Step-1 20] in Example 1 . Fig. 8B shows 
the thus-obtained state. A condition of forming the carbon-group-material layer 23 according to a microwave plasma 
CVD method may be the same condition as that shown in Table 1 . Since the gate electrode 13 is formed of aluminum 
(Al), no carbon-group-material layer is formed on the gate electrode 13. 

[Step-540] 

[0179] A display is assembled in the same manner as in [Step-1 30] in Example 1. 

[0180] In Example 5, the electron emitting portion 15 comprising the carbon-group-material layer 23 is formed on 
the portion of the cathode electrode 11 which portion is positioned in the bottom portion of the opening portions 14A 
and 14B and the cathode electrode 11 is composed of a material which works as a kind of a catalyst, so that it is no 
longer necessary to pattern the carbon-group-material layer 23 to bring it into a desired form. 
[01 81] Even when the copper (Cu) is replaced with silver (Ag) or gold (Au) to constitute the cathode electrode or the 
electrically conductive layer, these metals work as a kind of catalyst, and the electron emitting portion 15 comprising 
the carbon-group-material layer 23 can be formed on the cathode electrode 11 . 

Example 6 

[0182] Example 6 is a variant of Example 5. In the manufacturing method of an electron emitting apparatus, the 
manufacturing method of a field emission device and the manufacturing method of a display explained in Example 5, 
the surface of the cathode electrode 11 is naturally oxidized, so that it is sometimes difficult to form the carbon-group- 
material layer 23. In Example 6, the metal oxide (so-called natural oxide film) is removed from the surface of the cathode 
electrode portion. The metal oxide on the surface of the cathode electrode portion can be removed by plasma reduction 
treatment or washing. 

[0183] The electron emitting apparatus, the field emission device and the display to be produced in Example 6 or 
Example 7 to be described later are structurally the same as those in Example 5, so that detailed explanations thereof 
are omitted. The man ufacturing method of an electron emitting apparatus, the manufacturing method of a field emission 
device and the manufacturing method of a display in Example 6 will be explained below. 

[Step-600] 

[0184] First, in the same manner as in [Step-500] to [Step-520] in Example 5, a cathode electrode 11 is formed on 
a supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed on 
the insulating layer 12; and then, a second opening portion 14B communicating with the first opening portion 14A 
formed in the gate electrode 13 is formed in the insulating layer 12. 

[Step-610] 

[0185] Then, the metal oxide (natural oxide film) on the surface of the portion of the cathode electrode 11 which 
portion is exposed in the bottom portion of the opening portions 14A and 14Bis removed by plasma reduction treatment 
(microwave plasma treatment) under a condition shown in Table 9. Otherwise, the metal oxide (natural oxide film) on 
the exposed surface of the cathode electrode portion can be removed, for example, with a 50 % hydrofluoric acid 
aqueous solution/pure water mixture having a 50 % hydrofluoric acid aqueous solution : pure water mixing ratio of 1 : 
49 (volume ratio). 



Table 9 



Gas used 


H 2 = 100 SCCM 


Pressure 


1.3 x 10 3 Pa 


Microwave power 


600 W (13.56 MHz) 
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Table 9 (continued) 
Treating temperature | 400 °C 



5 [Step-620] 

[01 86] Then , the carbon-group-material layer 23 having a thickness of approximately 0 .2 u,m is formed on the portion 
of the cathode electrode 11 which portion is exposed in the bottom portion of the opening portions 14A and 14B, to 
obtain the electron emitting portion 15 in the same manner as in [Step-120] in Example 1. A condition of forming the 
10 carbon-group-material layer 23 according to a microwave plasma CVD method may be the same condition as that 
shown in Table 1 . 

[Step-630] 

15 [0187] Then, the display is assembled in the same manner as in [Step-130] in Example 1 . 

[0188] In Example 6, the metal oxide (natural oxide film) on the portion of the cathode electrode 11 which portion is 
exposed in the bottom portion of the opening portions 14A and 14B is removed, and then the carbon-group-material 
layer is formed on the cathode electrode portion, so that the carbon-group-material layer having more excellent prop- 
erties can be formed. 

20 

Example 7 

[0189] Example 7 is also a variant of Example 5. In Example 7, a convexo-concave shape is formed in the portion 
of the cathode electrode 11 which portion is exposed in the bottom portion of the opening portions 14A and 14B. 
25 Protrusions are therefore formed in the carbon-group-material layer formed thereon. As a result, a field emission device 
having high electron emission efficiency can be obtained. The manufacturing method of a field emission device and 
the manufacturing method of a display in Example 7 will be explained below. 

[Step-700] 

30 

[0190] First, in the same manner as in [Step-500] to [Step-520] in Example 5, a cathode electrode 11 is formed on 
a supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed on 
the insulating layer 12; and then, a second opening portion 14B communicating with the first opening portion 14A 
35 formed in the gate electrode 13 is formed in the insulating layer 12. 

[Step-710] 

[0191] Then, the surface of the portion of the cathode electrode 11 which portion is positioned in the bottom portion 
40 of the opening portions 14A and 14B is etched to form a convexo-concave shape. Table 10 shows a condition of the 
above etching. 



Table 10 



Etching solution 


1 % hydrochloric acid aqueous solution 


Treatment time period 


5 minutes 



[Step-720] 

50 [0192] Then, a step similarto [Step-530] in Example. 5 is carried out to form an electron emitting portion 15 comprising 
a carbon-group-material layer 23 on the portion of the cathode electrode 11 which portion is positioned in the bottom 
portion of the opening portions 14A and 14B. Specifically, the carbon-group-material layer 23 having a thickness of 
approximately 0.2 u.m is formed on the portion of the cathode electrode 11 to obtain the electron emitting portion 15 in 
the same manner as in [Step-120] in Example 1 . A condition of forming the carbon-group-material layer 23 according 

55 to a microwave plasma CVD method may be the same condition as that shown in Table 1 . 
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[Step-730] 

[0193] Then, the display is assembled in the same manner as in [Step-130] in Example 1 . 

[0194] The step of forming the convexo-concave shape on the portion of the cathode electrode 11 which portion is 

s exposed in the bottom portion of the opening portions 1 4A and 1 4B, explained In Example 7, can be applied to Example 
6. Further, the removal ol the metal oxide (natural oxide film) explained in Example 6 can be applied to Example 7. 
[0195] When [Slep-220] and [Slep-230] are carried out in the step of forming the carbon-group-malerial layer or the 
electron emitting portion in Examples 5 to 7 explained above, the electron emitting apparatus according to the second 
aspect of the present invention, the field emission device according to the fifth-A aspect of the present invention and 

'o the display according to the fifth-A aspect of the present invention can be obtained, and it comes to mean that the 
manufacturing method of a field emission device according to the fifth-A aspect of the present invention and the man- 
ufacturing method of a display according to the fifth-A aspect of the present invention are carried out. 
[0196] Further, when [Step-320] and [Step-330] in Example 3 are carried out in the step of forming the carbon-group- 
material layer or the electron emitting portion in Examples 5 to 7 explained above, the electron emitting apparatus 

15 according to the third aspect of the present invention, the field emission device according to the sixth-A aspect of the 
present invention and the display according to the sixth-A aspect of the present invention can be obtained, and it comes 
to mean that the manufacturing method of a field emission device according to the sixth-A aspect of the present in- 
vention and the manufacturing method of a display according to the sixth-A aspect of the present invention are carried 
out. 

20 

Example 8 

[0197] Example 8 is concerned with the electron emitting apparatus having a selective-growth region according to 
the first aspect of the present invention, the field emission device having a selective-growth region according to the 

25 fourth aspect of the present invention, the display having a selective-growth region according to the fourth aspect of 
the present invention, the manufacturing method of a field emission device according to the fourth (2) aspect of the 
present invention including the step of forming a selective-growth region, and the manufacturing method of a display 
according to the. fourth (2) aspect of the present invention including the step of forming a selective-growth region. 
[0198] Fig. 12B shows a schematic partial end view of the field emission device or the electron emitting apparatus 

30 of Example 8. Fig. 9 shows a schematic partial end view of the display of Example 8. The field emission device or the 
electron emitting apparatus has a cathode electrode (corresponding to the electrically conductive layer) 11 formed on 
a supporting member 10 and a gate electrode 13 which is formed above the cathode electrode 11 and has a first 
opening portion 1 4A. The field emission device or the electron emitting apparatus further has a selective-growth region 
20 formed on a surface of a portion of the cathode electrode 11 which portion is positioned in a bottom portion of the 

35 opening portions 1 4A and 1 4B, and an electron emitting portion comprising a carbon-group-material layer 23 formed 
on the selective-growth region 20. In Example 8, the selective-growth region 20 is constituted of metal particles 21 
composed of nickel (Ni) adhere on the surface of the cathode electrode. 

[0199] In the field emission device of Example 8, an insulating layer 12 is formed on the supporting member 10 and 
the cathode electrode 11, the second opening portion 14B communicating with the first opening portion 14A formed in 
40 the gate electrode 13 is formed in the insulating layer 12, andthe selective-growth region and the carbon-group-material 
layer 23 is positioned in the bottom portion of the second opening portion 14B. 

[0200] Fig. 9 shows a constitution example of the display of Example 8. The display comprises a cathode panel CP 
having a large number of the electron emitting regions formed in an effective region in the form of a two-dimensional 
matrix, and an anode panel AP, and the display has a plurality of pixels. Each pixel is constituted of the field emission 

45 device, an anode electrode 33 and a phosphor layer 31 formed on a substrate 30 so as to be opposed to the field 
emission device. The cathode panel CP and the anode panel AP are bonded in their circumferential portions through 
a frame 34. In the partial end view of Fig. 9, two opening portions (14A and 1 4B) and two carbon-group-material layers 
23 which are electron emitting portions are shown per cathode electrode 11 on the cathode panel CP, for simplifying 
the drawing. However, the number of each of these members shall not be limited thereto. The basic constitution of the 

so field emission device is as shown in Fig. 12B. Further, a through-hole 36 for vacuuming is provided in an ineffective 
field of the cathode panel CP, and a tip tube 37 which is sealed after vacuuming is connected to the through-hole 36. 
Fig. 9 shows- a completed state of the display, and the shown tip tube 37 is already sealed. 

[0201 ] The anode panel AP can have the same structure as that explained in Example 1 , so that a detailed explanation 
thereof is omitted. 

55 [0202] The operation of the display for displaying can be the same as the operation of the display explained in 
Example 5, so that a detailed explanation thereof is omitted. 

[0203] The manufacturing method of an electron emitting apparatus, the manufacturing method of a field emission 
device and the manufacturing method of a display in Example 8 will be explained below with reference to Figs. 1 0A to 
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10C, Figs. 11Aand11Band Figs. 12Aand 12B. For simplification of drawings, these Figures show one electron emitting 
portion in an overlapping region of a cathode electrode 11 and a gate electrode 13 or their constituting elements alone. 

[Step-800] 

5 

[0204] First, an electrically conductive material layer for a cathode electrode is formed on the supporting member 

10 made, for example, of a glass substrate, and the electrically conductive material layer is then patterned by known 
lithography and a known RIE method, to form the cathode electrode (corresponding to the electrically conductive layer) 

11 in the form of a stripe on the supporting member 1 0 (see Fig. 1 0A) . The cathode electrode 11 in the form of a stripe 
10 extends leftward and rightward on the paper surface of the drawing. The electrically conductive material layer is com- 
posed, for example, of an approximately 0.2 u.m thick aluminum (Al) layer formed by a sputtering method. 

[Step-810] 

15 [0205] Then, an insulating layer 1 2 is formed on the supporting member 1 0 and the cathode electrode 1 1 . Specifically, 
the insulating layer 12 having a thickness of approximately 1 urn is formed on the entire surface, for example, by a 
CVD method using TEOS (tetraethoxysilane) as a source gas. The insulating layer 12 can be formed under the same 
condition as that shown in Table 7. 

20 [Step-820] 

[0206] Then, the gate electrode 13 having the first opening portion 14A is formed on the insulating layer 12. Specif- 
ically, an electrically conductive material layer composed of aluminum (Al) for a gate electrode is formed on the insu- 
lating layer 12 by a sputtering method, and then a patterned first mask material layer (not shown) is formed on the 

25 electrically conductive material layer. The electrically conductive material layer is then etched with using the above first 
mask material layer as an etching mask and patterned in.the form of a stripe, and then the first mask material layer is 
removed. Then, a patterned second mask material layer (not shown) is formed on the electrically conductive material 
layer and the insulating layer 12, and the electrically conductive material layer is etched with using the above second 
mask material layer as an etching mask. In this manner, the gate electrode 13 having the first opening portion 14A can 

30 be formed on the insulating layer 12. The gate electrode 13 in the form of a stripe extends in a direction (direction 
perpendicular to the paper surface of the drawing) different from the direction in which the cathode electrode 11 extends. 

[Step-830] 

35 [0207] Then, the second opening portion 14B communicating with the first opening portion 14A formed in the gate 
electrode 13 is formed in the insulating layer 12. Specifically, the insulating layer 12 is etched by an RIE method with 
using the second mask material layer as an etching mask, and then the second mask material layer is removed. In 
this manner, a structure shown in Fig. 10B can be obtained. The insulating layer 12 can be etched under the same 
condition as that shown in Table 8. In Example 8, the first opening portion 14A and the second opening portion 14B 

40 have a one-to-one correspondence relationship. That is, one second opening portion 14B is formed per first opening 
portion 14A. When viewed as a plan view, the first and second opening portions 14A and 14B have the form, for 
example, of a circle having a diameter of 1 to 30 urn. It is sufficient to form 1 to approximately 3000 opening portions 
14A and 14B per pixel. 

45 [Step-840] 

[0208] Then, the selective-growth region 20 is formed on the portion of the cathode electrode 11 which portion is 
positioned in the bottom portion of the second opening portion 14B. For this purpose, first, a mask layer 11 6 is formed 
so as to expose the surface of the cathode electrode 11 in a central portion of the bottom portion of the second opening 

so portion 14B (see Fig. 10C). Specifically, a resist material layer is formed on the entire surface including the inner 
surfaces of the opening portions 1 4A and 1 4B by a spin coating method, and then a hole is formed in the resist material 
layer positioned in the central portion of the bottom portion of the second opening portion 1 4B by lithography, whereby 
the mask layer 116 can be obtained. In Example 8, the mask layer 116 covers part of the cathode electrode 11 which 
part is positioned in the bottom portion of the second opening portion 14B, aside wall of the second opening portion 

55 14B, aside wall of the first opening portion 14A, the gate electrode 13 and the insulating layer 12. While the selective- 
growth region is to be formed on the portion of the cathode electrode 1 1 which portion is positioned in the central portion 
of the bottom portion of the second opening portion 14B in a step to come thereafter, the above mask layer can reliably 
prevent short-circuiting between the cathode electrode 11 and the gate electrode 13 with metal particles. 
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[0209] Then , metal particles are allowed to adhere onto the mask layer 1 1 6 and the exposed surface of the cathode 
electrode 1 1 . Specifically, a dispersion prepared by dispersing nickel (Ni) fine particles in a polysiloxane solution (using 
isopropyl alcohol as a solvent) is applied to the entire surface by a spin coating method, to form a layer composed of 
the solvent and the metal particles on the cathode electrode portion. Then, the mask layer 116 is removed, and the 
5 solvent is removed by heating the above layer up to approximately 400 °C, to retain the metal particles 21 on the 
exposed surface of the calhode eleclrode 1 1 , whereby the selective-growth region 20 can be obtained (see Fig. 1 1 A). 
The polysiloxane works to fix the melal particles 21 to Hie exposed surface of the cathode eleclrode 11 (so-called 
adhesive function). 

10 [Step-850] 

[0210] Then, the carbon-group-matcrial layer 23 having a thickness of approximately 0.2 .am is formed on the se- 
lective-growth region 20, to obtain an electron emitting portion in the same manner as in [Step-1 20] in Example 1 . Figs. 
11 Band 12A show the thus-obtained state. Fig. 11 B is a schematic partial end view obtained when the field emission 
15 device is viewed from a direction in which the gate electrode 13 extends. Fig. 12A is a schematic partial end view 
obtained when the field emission device is viewed from a direction in which the cathode electrode 11 extends. A con- 
dition of forming the carbon-group-material layer 23 by a microwave plasma CVD method may be the same condition 
as that shown in Table 1 . 

so [Step-860] 

[021 1 ] For exposing the opening end portion of the gate electrode 1 3, preferably, the side wall surface of the second 
opening portion 14B formed in the insulating layer 12 is allowed to recede by isotropic etching. In this manner, the field 
emission device shown in Fig. 1 2B can be completed. Otherwise, there can be obtained an electron emitting apparatus 

25 which is constituted of the electrically conductive layer (corresponding to the cathode electrode 11 in Example 8) on 
the surface of which the selective-growth region 20 is formed, and the electron emitting portion comprising the carbon- 
group-material layer 23 formed on the selective-growth region 20. The above isotropic etching can be carried out by 
a dry etching method using a radical as a main etch ing species such as a chemical dry etching method, or a wet etching 
method using an etching solution. As an etching solution, for example, there can be used a 49 % hydrofluoric acid 

30 aqueous solution/pure water mixture having a 49 % hydrofluoric acid aqueous solution : pure water mixing ratio of 1 : 
100 (volume ratio). 

[Step-870] 

35 [0212] Then, a display is assembled in the same manner as in [Step-1 30] in Example 1. 

[021 3] In the display having the above constitution, the electron emitting portion of the field emission device comprises 
the flat carbon-group-material layer 23 which is exposed in the bottom portion of the second opening portion 14B and 
has a low work function, and the fabrication thereof does not require such complicated and advanced fabrication tech- 
niques as have been required concerning the conventional Spindt type field emission device. Moreover, the etching 

40 of the carbon-group-material layer 23 is no longer required. When the area of the effective field of a display increases 
and when the number of electron emitting portions to be formed increases accordingly to a great extent, the electron 
emission efficiency of the electron emitting portions can be rendered uniform throughout the entire region of the effective 
field, and there can be realized a display which is remarkably free of non-uniformity in brightness and has high image 
quality. 

45 [021 4] When [Step-220] and [Step-230] in Example 2 are carried out in [Step-850] or the step of forming a carbon- 
group-material layer in Examples 9 to 16 to be described later, the electron emitting apparatus having a selective- 
growth region according to the second aspect of the present invention, the field emission device having a selective- 
growth region according to the fifth-A aspect of the present invention and the display having a selective-growth region 
according to the fifth-A aspect of the present invention can be obtained, and it comes to mean that the manufacturing 

so method of a field emission device and the manufacturing method of a display according to the fifth-A aspect/fifth -A(2) 
aspect of the present invention are carried out. 

[0215] Alternatively, when [Step-320] and [Step-330] in Example 3 are carried out, the electron emitting apparatus 
having a selective-growth region according to the third aspect of the present invention , the field emission device having 
a selective-growth region according to the sixth-A aspect of the present invention and the display having a selective- 
55 growth region according to the sixth-A aspect of the present invention can be obtained, and it comes to mean that the 
manufacturing method of a field emission device and the manufacturing method of a display according to the sixth-A 
aspect/sixth-A(2) aspect of the present invention are carried out. 
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Example 9 

[021 6] Example 9 is directed to variants of the manufacturing method of a field emission device and the manufacturing 
method of a display explained in Example 8. In the manufacturing method of a field emission device and the manu- 
facturing method of a display explained in Example 8, if the carbon-group-material layer 23 Is not formed immediately 
after the metal particles 21 are allowed lo adhere onto the cathode electrode portion, the surface of the metal particles 
21 are naturally oxidized to make it difficult to form the carbon-group-malerial layer 23 in some cases. In Example 9, 
after the metal particles 21 are allowed to adhere onto the portion of the cathode electrode 11 in which the selective- 
growth region 20 is to be formed, a metal oxide (so-called natural oxide film) on the surface of each metal particle 21 
is removed. The metal oxide on the surface of each metal particle can be removed by plasma reduction treatment or 
washing. 

[0217] The electron emitting apparatus, the field emission device and the display to be produced in Example 9 or 
any one of Examples 10 to 16 to be explained later are structurally the same as those in Example 8, so that detailed 
explanations thereof are omitted. The manufacturing method of an electron emitting apparatus, the manufacturing 
method of a field emission device and the manufacturing method of a display in Example 9 will be explained below. 

[Step-900] 

[0218] In the same manner as in [Step^800] to [Step-830] in Example 8, a cathode electrode 11 is formed on a 
supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed on 
the insulating layer 12; and then, a second opening portion 14B communicating with the first opening portion 14A 
formed in the gate electrode 13 is formed in the insulating layer 12. 

[Step-910] 

[0219] Then, a mask layer 116 is formed so as to expose the surface of the cathode electrode 11 in a central portion 
of the bottom portion of the second opening portion 14B in the same manner as in [Step-840] in Example 8. Then, 
metal particles are allowed to adhere onto the mask layer 116 and the exposed surface of the cathode electrode 11 . 
Specifically, a dispersion prepared by dispersing molybdenum (Mo) fine particles in a polysiloxane solution (using 
isopropyl alcohol as a solvent) is applied to the entire surface by a spin coating method, to form a layer composed of 
the solvent and the metal particles on the cathode electrode portion. Then, the mask layer 116 is removed, and the 
solvent is fully removed by heating the above layer up to approximately 400 °C, to retain the metal particles 21 on the 
exposed surface of the cathode electrode 11 , whereby the selective-growth region 20 can be obtained. 

[Step-920] 

[0220] Then, the metal oxide (natural oxide film) on the surface of each metal particle 21 is removed by plasma 
reduction treatment (microwave plasma treatment) under the condition shown in Table 9. Otherwise, the metal oxide 
(natural oxide film) on the surface of each metal particle 21 can be removed, for example, with a 50 % hydrofluoric 
acid aqueous solution/pure water mixture having a 50 % hydrofluoric acid aqueous solution : pure water mixing ratio 
of 1:49 (volume ratio). 

[Step-930] 

[0221] Then, the carbon-group-material layer 23 having a thickness of approximately 0.2 iim is formed on the se- 
lective-growth region 20, to obtain.an electron emitting portion in the same manner as in [Step-850] in Example 8. A 
condition of forming the carbon-group-material layer 23 according to a microwave plasma CVD method may be the 
same condition as that shown in Table 1 . 

[Step-940] 

[0222] Then, a field emission device as shown in Fig. 12B Can be obtained in the same manner as in [Step-860] in 
Example 8. Otherwise, there can be obtained an electron emitting apparatus which is constituted, of the electrically 
conductive layer (corresponding to the cathode electrode 1 1 in Example 9) on the surface of which the selective-growth 
region 20 is formed, and the electron emitting portion comprising the carbon-group-material layer 23 formed on the 
selective-growth region 20. Further, a display is assembled in the same manner as in [Step-130] in Example 1 . 
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Example 10 

[0223] Example 1 0 is also directed to variants of the manufacturing methods explained in Example B. In the manu- 
facturing method of a field emission device and the manufacturing method of a display explained in Example 8, the 
metal particles 21 are allowed to adhere onto the cathode electrode portion. In Example 10, the step of allowing the 
metal particles to adhere onto the cathode electrode portion comprises the steps of allowing metal compound particles 
containing a metal atom constituting the metal particles to adhere onto the cathode electrode portion, and then, healing 
the metal compound particles to decompose them, to obtain the selective-growth region constituted of the surface of 
the cathode electrode onto which surface the metal particles adhere. Specifically, a layer composed of a solvent and 
the metal compound particles (copper iodide in Example 10) is formed on the cathode electrode portion, then the 
solvent is removed to retain the metal compound particles, and the metal compound particles (copper iodide particles) 
are decomposed by heating, to obtain the selective-growth region constituted of that portion of the cathode electrode 
which portion has a surface onto which the metal particles (copper particles) adhere. The manufacturing method of an 
electron emitting apparatus, the manufacturing method of a field emission device and the manufacturing method of a 
display in Example 9 will be explained below. 

[Step- 1000] 

[0224] In the same manner as in [Step-800] to [Step-830] in Example 8, a cathode electrode 11 is formed on a 
supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed on 
the insulating layer 12; and then, a second opening portion 14B communicating with the first opening portion 14A 
formed in the gate electrode 13 is formed in the insulating layer 12. 

[Step-1010] 

[0225] Then, a mask layer 1 1 6 is formed so as to expose the surface of the cathode electrode 1 1 in a central portion 
of the bottom portion of the second opening portion 14B in the same manner as in [Step-840] in Example 8. Then, 
metal particles are allowed to adhere onto the exposed surface of the cathode electrode 11 . Specifically, a dispersion 
prepared by dispersing copper iodide fine particles in a polysiloxane solution is applied to the entire surface by a spin 
coating method in the same manner as in Example 8, to form a layer composed of the solvent and the metal compound 
particles (copper iodide particles) on the cathode electrode portion. Then, the mask layer 116 is removed, and heat 
treatment is carried out at 400 °C to fully remove the solvent, to pyrolyze the copper iodide and to precipitate the metal 
particles (copper particles) 21 on the exposed surface of the cathode electrode 11 .whereby the selective-growth region 
20 can be obtained. 

[Step- 1020] 

[0226] Then, the carbon-group-material layer 23 having a thickness of approximately 0.2 urn is formed on the se- 
lective-growth region 20 in the same manner as in [Step-850] in Example 8, to obtain an electron emitting portion. 
Then, a field emission device as shown in Fig. 12B can be obtained in the same manner as in [Step-860] in Example 
8. Otherwise, there can be obtained an electron emitting apparatus which is constituted of the electrically conductive 
layer (corresponding to the cathode electrode 11 in Example 10) on the surface of which the selective-growth region 
20 is formed, and the electron emitting portion comprising the carbon-group-material layer 23 formed on the selective- 
growth region 20. Further, a display is assembled in the same manner as in [Step-130] in Example 1 . 
[0227] Further, the metal oxide (natural oxide film) on the surface of each metal particle 21 may be removed in the 
same manner as in [Step-920] in Example 9. 

Example 11 

[0228] Example 11 is also directed to variants of the manufacturing methods explained in Example 8. In the manu- 
facturing methods explained in Example 8, the metal particles 21 are allowed to adhere onto the cathode electrode 
portion. In Example 11 , the step of forming the selective-growth region comprises the steps of forming a mask layer 
so as to expose the surface of the cathode electrode in the bottom portion of the second opening portion and then 
forming a metal thin layer composed of titanium (Ti) on the mask layer and the exposed surface of the cathode electrode 
by a sputtering method. The manufacturing method of an electron emitting apparatus, the manufacturing method of a 
field emission device and the manufacturing method of a display in Example 11 will be explained below. 



14 



EP1 383 151 A1 



[Step- 11 00] 

[0229] In the same manner as in |Step-800| to [Step-830] in Example 8, a cathode electrode 11 is formed on a 
supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
5 member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed on 
the insulating layer 12; and then, a second opening portion 14B communicaling with the first opening portion 14A 
formed in the gale electrode 13 is formed in the insulating layer 12. 

[Step-1110] 

10 

[0230] Then, a mask layer 11 6 is formed so as to expose the surface of the cathode electrode 11 in a central portion 
of the bottom portion of the second opening portion 14B in the same manner as in [Step-840] in Example 8. Then, a 
metal thin layer 22 is formed on the mask layer 1 1 6 and the exposed surface of the cathode electrode 1 1 by a sputtering 
method under the condition shown in Table 6, and then the mask layer 116 is removed (see Fig. 13A). In this manner, 
15 there can be obtained the selective-growth region 20 constituted of that portion of the cathode electrode which portion 
has the surface on which the metal thin layer 22 is formed. 

[Step- 11 20] 

20 [0231] Then, the carbon-group-material layer 23 having a thickness of approximately 0.2 am is formed on the se- 
lective-growth region 20 in the same manner as in [Step-8501 in Example 8, to obtain an electron emitting portion (see 
Fig. 13B). Then, the field emission device can be completed in the same manner as in [Step-860] in Example 8. oth- 
erwise, there can be obtained an electron emitting apparatus which is constituted of the electrically conductive layer 
(corresponding to the cathode electrode 11 in Example 11) on the surface of which the selective-growth region 20 is 

25 formed, and the electron emitting portion comprising the carbon-group-material layer 23 formed on the selective-growth 
region 20. Further, a display is assembled in the same manner as in [Step-130] in Example 1 . 
[0232] The metal oxide (natural oxide film) on the surface of the m.etal thin layer 22 may be removed in the same 
manner as in [Step-920] in Example 9. Further, there may be employed a constitution in which, in the same manner 
as in Example 10, a metal compound thin layer is formed on the surface of the cathode electrode 11 which portion is 

30 positioned in the bottom portion of the second opening portion 14B, by a sputtering method, and the metal compound 
thin, layer is pyrolyzed to form the selective-growth region 20 composed of the metal thin layer formed on the surface 
of the cathode electrode. Further, the metal thin layer may be formed by an MOCVD method. 

Example 12 

35 

[0233] Example 12 is also directed to variants of the manufacturing methods explained in Example 8. In Example 
12, the selective-growth region is composed of an organometallic compound thin layer, more specifically, composed 
of a complex compound of nickel acetylacetonate. In Example 1 2, further, the step of forming the organometallic com- 
pound thin layer on the cathode electrode portion comprises the step of applying an organometallic compound solution 
40 onto the cathode electrode. The manufacturing method of an electron emitting apparatus, the manufacturing method 
of afield emission device and the manufacturing method of a display in Example 12 will be explained below. 

[Step- 1200] 

45 [0234] In the same manner as in [Step-800] to [Step-830] in Example 8, a cathode electrode 11 is formed on a 
supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed oh 
the insulating layer 12; and then, a second opening portion 14B communicating with the first opening portion 14A 
formed in the gate electrode 13 is formed in the insulating layer 12. 

50 

[Step-1210] 

[0235] Then, a mask layer 116 is formed so as to expose the surface of the cathode electrode 11 in a central portion 
of the bottom portion of the second opening portion 14B in the same manner as in [Step-840] in Example 8. Then, a 
55 layer composed of an organometallic compound solution containing nickel acetylacetonate is formed on the mask layer 
116 and the exposed surface of the cathode electrode 11 by a spin coating method, the applied organometallic com- 
pound solution is dried and then the mask layer 116 is removed, whereby there can be obtained the selective-growth 
region 20 composed of the organometallic compound thin layer which is formed on the portion of the cathode electrode 
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which portion is exposed in the bottom portion of the opening portions 14A and 14B and which is composed of nickel 
acetylacetonate. 

[Step- 1220] 

5 

[0236] Then, the carbon-group-material layer 23 having a thickness of approximately 0.2 urn is formed on the se- 
lective-growth region 20 in the same manner as in [Step-850] in Example 8, to obtain an electron emitting portion. 
Then, the field emission device can be completed in the same manner as in [Step-860] in Example 8. Otherwise, there 
can be obtained an electron emitting apparatus which is constituted of the electrically conductive layer (corresponding 
10 to the cathode electrode 11 in Example 12) on the surface of which the selective-growth region 20 is formed, and the 
electron emitting portion comprising the carbon-group-material layer 23 formed on the selective-growth region 20. 
Further, a display is assembled in the same manner as in [Step-130] in Example 1 . 

[0237] In Example 12, after the organometallic compound thin layer is formed, the metal oxide (natural oxide film) 
on the surface of the organometallic compound thin layer may be also removed in the same manner as in [Step-920] 
15 jn Example 9. 

Example 13 

[0238] Example 1 3 is also directed to variants of the manufacturing methods explained in Example 8 and further 
20 those of Example 12. In Example 13 : the selective-growth region is composed of an organometallic compound thin 
layer, more specifically, is composed of a complex compound of nickel acetylacetonate. In Example 13, the step of 
forming the organometallic compound thin layer on the cathode electrode portion comprises the steps of sublimating 
an organometallic compound and then depositing such an organometallic compound on the cathode electrode. The 
manufacturing method of an electron emitting apparatus, the manufacturing method of a field emission device and the 
25 manufacturing method of a display in Example 13 will be explained below. 

[Step- 1300] 

[0239] In the same manner as in [Step-800] to [Step-830] in Example 8, a cathode electrode 11 is formed on a 
30 supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed on 
the insulating layer 12; and then, a second opening portion 14B communicating with the first opening portion 14A 
formed in the gate electrode 13 is formed in the insulating layer 12. 

35 [Step-1310] 

[0240] Then , a mask layer 1 1 6 is formed so as to expose the surface of the cathode electrode 11 in a central portion 
of the bottom portion of the second opening portion 14B in the same manner as in [Step-840] in Example 8. Then, an 
organometallic compound thin layer composed of nickel acetylacetonate is formed on the mask layer 116 and the 

40 exposed surface of the cathode electrode 1 1 . Specifically, there is provided a film-forming apparatus having a reaction 
chamber and a sublimating chamber connected to the reaction chamber through a heatable tubing. The supporting 
member is transported into the reaction chamber, and then the reaction chamber is adjusted to have an inert gas 
atmosphere. Then, the nickel acetylacetonate is sublimated in the sublimation chamber and the sublimated nickel 
acetylacetonate is sent to the reaction chamber together with a carrier gas. In the reaction chamber, an organometallic 

45 compound thin layer containing nickel acetylacetonate is deposited on the mask layer 116 and the exposed surface of 
the cathode electrode 11. The supporting member 10 can have a room temperature. Then, the mask layer 116 is 
removed to give the selective-growth region 20 composed of the organometallic compound thin layer which is formed 
on the portion of the cathode electrode 11 which portion is exposed in the bottom portion of the opening portions 14A 
and 14B and which is composed of nickel acetylacetonate. - 

50 

[Step- 1320] 

[0241] Then, the carbon-group-material layer 23 having a thickness of approximately 0.2 am is formed on the se- 
lective-growth region 20 in the same manner as in [Step-850] in Example 8, to obtain an electron emitting portion. 
55 Then, the field emission device can be completed in the same manner as in [Step-860] in Example 8. Otherwise, there 
can be obtained an electron emitting apparatus which is constituted of the electrically conductive layer (corresponding 
to the cathode electrode 11 in Example 13) on the surface of which the selective-growth region 20 is formed, and the 
electron emitting portion comprising the carbon-group-material layer 23 formed on the selective-growth region 20. 
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Further, a display is assembled in the same manner as in [Step-130] in Example 1 . 

[0242] In Example 13, after the organometallic compound thin layer is formed, the metal oxide (natural oxide film) 
on the surface of the organometallic compound thin layer may be also removed in the same manner as in [Step-920] 
in Example 9. 

5 

Example 14 

[0243] Example 14 is also directed to variants of the manufacturing methods explained in Example 8. In Example 
14, the selective-growth region composed of a metal thin layer is formed on the surface of the cathode electrode by a 
10 plating method. The manufacturing method of an electron emitting apparatus, the manufacturing method of a field 
omission device and the manufacturing method of a display in Example 14 will be explained below. 

[Step- 1400] 

15 [0244] In the same manner as in [Step-800] to [Step-830] in Example 8, a cathode electrode 11 is formed on a 
supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed on 
the insulating layer 12; and then, a second opening portion 14B communicating with the first opening portion 14A 
formed in the gate electrode 13 is formed in the insulating layer 12. 

20 

[Step- 1410] 

[0245] Then , a mask layer 1 1 6 is formed so as to expose the surface of the cathode electrode 1 1 in a central portion 
of the bottom portion of the second opening portion 14B in the same manner as in [Step-840] in Example 8. Then, the 

25 selective-growth region 20 composed of a metal thin layer is formed on the exposed surface of the cathode electrode 
1 1 by a plating method. Specifically, the supporting member is immersed in a zinc plating solution bath, and the selec- 
tive-growth region 20 constituted of a metal thin layer composed of zinc (Zn) is formed on the exposed surface of the 
cathode electrode 11 by a zinc plating method in which the cathode electrode 11 is connected to a cathode side and 
nickel as an anticathode is connected to an anode side. For reliably prevent the deposition of a zinc layer on the gate 

so electrode, it is preferred to connect the gate electrode 13 to the anode side. Then, the mask layer 1 1 6 is removed using 
an organic solvent such as acetone, to give the selective-growth region 20 which is constituted of a metal thin layer 
composed of zinc (Zn) and is formed on the portion of the cathode electrode 1 1 which portion is exposed in the bottom 
portion of the opening portions 14A and 14B. If the zinc plating solution bath is replaced with a tin plating solution bath, 
there can be obtained a selective-growth region 20 constituted of a metal thin layer composed of tin (Sn). 

35 

[Step-1420] 

[0246] Then, the carbon-group-material layer 23 having a thickness of approximately 0.2 u.m is formed on the se- 
lective-growth region 20, to obtain an electron emitting portion in the same manner as in [Step-850] in Example 8. A 
40 condition of forming the carbon-group-material layer 23 according to a microwave plasma CVD method may be the 
same condition as that shown in Table 1 . 

[Step- 1430] 

45 [0247] Then, the field emission device can be completed in the same manner as in [Step-860] in Example 8. Other- 
wise, there can be obtained an electron emitting apparatus which is constituted of the electrically conductive layer 
(corresponding to the cathode electrode 11 in Example 14) on the surface of which the selective-growth region 20 is 
formed, and the electron emitting portion comprising the carbon-group-material Iayer23 formed on the selective-growth 
region 20. Further, a display is assembled in the same manner as in [Step-130] in Example 1. 

so [0248] In Example 14, after the metal thin layer is formed, the metal oxide (natural oxide film) on the surface of the 
metal thin layer may be removed in the same manner as in [Step-920] in Example 9. 

Example 15 

55 [0249] Example 15 is a variant of Example 14. In Example 15, a convexo-concave shape is formed in the surface 
of the selective-growth region formed on the portion of the cathode electrode 11 which portion is exposed in the bottom 
portion of the opening portions 1 4A and 1 4B. As a result, the carbon-group-material layer formed thereon has protru- 
sions, so that a field emission device having high electron emission efficiency can be obtained. The manufacturing 
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method of an electron emitting apparatus, the manufacturing method of a field emission device and the manufacturing 
method of a display in Example 15 will be explained below. 

[Step-1500] 

[0250] In the same manner as in [Slep-1400] to [Slep-1410] in Example 14, a cathode electrode 11 is formed on a 
supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed on 
the insulating layer 12; and then, a second opening portion 14B communicating with the first opening portion 14A 
formed in the gate electrode 13 is formed in the insulating layer 12. A mask layer 116 is then formed so as to expose 
the surface of the cathode electrode 11 in a central portion of the bottom portion of the second opening portion 14B in 
the same manner as in [Step-840] in Example 8. Then, a selective-growth region 20 constituted of a metal thin layer 
composed of zinc (Zn) is formed on the exposed surface of the cathode electrode 11 by a plating method. 

[Step-1510] 

[0251] Then, the supporting member 1 0 is immersed in a 5% sodium hydroxide aqueous solution, to etch the surface 
of the selective-growth region 20 constituted of the metal thin layer composed of zinc (Zn), whereby a convexo-concave 
shape is formed in the surface of the selective-growth region 20. 

[Step-1520] 

[0252] Then, the carbon-group-material layer 23 having a thickness of approximately 0.2 am is formed on the se- 
lective-growth region 20, to obtain an electron emitting portion in the same manner as in [Step-850] in Example 8. A 
condition of forming the carbon-group-material layer 23 according to a microwave plasma CVD method may be the 
same condition as that shown in Table 1 . 

[Step- 1530] 

[0253] Then, the field emission device can be completed in the same manner as in [Step-860] in Example 8, Other- 
wise, there can be obtained an electron emitting apparatus which is constituted of the electrically conductive layer 
(corresponding to the cathode electrode 11 in Example 15) on the surface of which the selective-growth region 20 is 
formed, and the electron emitting portion comprising the carbon-group-material layer 23 formed on the selective-growth 
region 20. Further, a display is assembled in the same manner as in [Step-130] in Example 1 . 
[0254] In Example 15, Further, for forming (etching) the convexo-concave shape in the surface of the selective- 
growth region 20, not only a sodium hydroxide aqueous solution is used, but also diluted hydrochloric acid, diluted 
sulfuric acid or diluted nitric acid may be used depending upon materials constituting the selective-growth region 20. 
[0255] In Example 15, after the metal thin layer is formed, the metal oxide (natural oxide film) on the surface of the 
metal thin layer may be removed in the same manner as in [Step-920] in Example 9. 

Example 1 6 

[0256] Example 16 is also directed to variants of the manufacturing methods explained in Example 8. In Example 
16, the selective-growth region composed of a metal thin layer is formed on the surface of the cathode electrode by a 
method in which an organometallic compound is pyrolyzed. The manufacturing method of an electron emitting appa- 
ratus, the manufacturing method of a field emission device and the manufacturing method of a display in Example 16 
will be explained below. 

[Step- 1600] 

[0257] In the same manner as in [Step-800] to [Step-830] in Example 8, a cathode electrode 11 is formed on a 
supporting member 1 0 made, for example, of a glass substrate; then, an insulating layer 1 2 is formed on the supporting 
member 10 and the cathode electrode 11 ; then, a gate electrode 13 having a first opening portion 14A is formed on 
the insulating layer 12; and then, a second opening portion 14B communicating with the first opening portion 14A 
formed in the gate electrode 1 3 is formed in the insulating layer 12. 
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[Step-1610] 

[0258] Then , a mask layer 1 1 6 is formed so as to expose the surface of the cathode electrode 1 1 in a central portion 
of the bottom portion of the second opening portion 14B in the same manner as in [Step-840] in Example 8. Then, the 
selective-growth region 20 composed of a metal thin layer is formed on the mask layer 116 and the exposed surface 
of the calhode electrode 11 by a method in which nickel acetylacetonale is pyrolyzed. Specifically, there is provided a 
film-forming apparatus having a reaction chamber and a sublimating chamber connected lo the reaction chamber 
through a heatable tubing. The supporting member is transported into the reaction chamber, and then the reaction 
chamber is adjusted to have an inert gas atmosphere. Then, the nickel acetylacetonate is sublimated in the sublimation 
chamber, and the sublimated nickel acetylacetonate is sent to the reaction chamber together with a carrier gas. The 
supporting member is maintained at a proper temperature in advance. The supporting member is preferably heated 
at 50 to 300 "C, preferably at 100 to 200 °C. In the reaction chamber, a nickel (Ni) layer obtained by the pyrolysis of 
nickel acetyulacetonate is deposited on the mask layer 1 1 6 and the exposed surface of the cathode electrode 1 1 . Then, 
the mask layer 1 1 6 is removed to give a selective-growth region 20 composed of the metal thin layer which is composed 
of nickel (N) and is formed on the portion of the cathode electrode 11 which portion is exposed in the bottom portion 
of the opening portions 14A and 14B. 

[0259] Alternatively, for example, an organometallic compound solution containing zinc (Zn) is applied, by a spin 
coating method, to the entire surface of the mask layer 116 and the surface of the cathode electrode 11 which surface 
is exposed in the central portion of the bottom portion of the second opening portion 14B, and the resultant coating is 
heat-treated in a reducing gas atmosphere, to pyrolyze the organometallic compound containing zinc and to form a 
zinc (Zn) layer on the mask layer 116 and the exposed surface of the cathode electrode 11, whereby the selective- 
growth region 20 constituted of a metal thin layer composed of zinc (Zn) can be also obtained. 

[Step-1620] 

[0260] Then, the carbon-group-material layer having a thickness of approximately 0.2 urn is formed on the selective- 
growth region 20 in the same manner as in [Step-850] in Example 8, to obtain an electron emitting portion. A condition 
of forming the carbon material layer 23 according to a microwave plasma CVD method may be the same condition as 
that shown in Table 1 . Then, the field emission device can be completed in the same manneras in [Step-860] in Example 
8. Otherwise, there can be obtained an electron emitting apparatus which is constituted of the electrically conductive 
layer (corresponding to the cathode electrode 11 in Example 16) on the surface of which the selective-growth region 
20 is formed, and the electron emitting portion comprising the carbon-group-material layer 23 formed on the selective- 
growth region 20. Further, a display is assembled in the same manner as in [Step-130] in Example 1 . 
[0261] In Example 16, after the metal thin layer is formed, the metal oxide (natural oxide film) on the surface of the 
metal thin layer may be removed in the same manner as in [Step-920] in Example 9. 

Example 1 7 

[0262] Example 1 7 is concerned with the electron emitting apparatus having a selective-growth region according to 
the first aspect of the present invention, the field emission device having a selective-growth region according to the 
fourth aspect of the present invention, the display having a selective-growth region according to the fourth aspect of 
the present invention, the manufacturing method of a field emission device according to the fourth (1) aspect of the 
present invention including the step of forming a selective-growth region, and the manufacturing method of a display 
according to the fourth (1) aspect of the present invention including the step of forming a selective-growth region. 
[0263] Fig. 15 shows a schematic partial end view of the field emission device or the electron emitting apparatus of 
Example 1 7. The field emission device also comprises a cathode electrode 11 formed on a supporting member 10 and 
a gate electrode 13 which is formed above the cathode electrode 11 and has a first opening portion 14A. The field 
emission device further has a selective-growth region 20 formed on a portion of the cathode electrode 11 which portion 
is positioned in a bottom portion of opening portions 1 4A and 14B, and an electron emitting portion comprising a carbon- 
group-material layer 23 formed on the selective-growth region 20. In Example 17, the selective-growth region 20 is 
constituted of metal particles 21 composed of nickel (Ni) which adheres on the surface of the cathode electrode 11. 
Differing from those of the field emission devices explained in Examples 8 to 1 6, the selective-growth region 20 extends 
to reach an interior of an insulating layer 12. In some formation state of the selective-growth region 20, however, the 
selective-growth region 20 may be formed only on the portion of the cathode electrode 11 which portion is positioned 
in the bottom of the opening portions 1 4A and 1 4B like those of the field emission devices explained in Examples 8 to 1 6. 
[0264] In the field emission device of Example 17, the insulating layer 12 is formed on the supporting member 10 
and the cathode electrode 1 1 , the second opening portion 1 iB commu nicating with the first opening portion 1 4A formed 
in the gate electrode 13 is formed in the insulating layer 12, and the carbon-group-material layer 23 is positioned in 
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the bottom portion of the second opening portion 14B. 

[0265] The display of Example 1 7 is substantially similar to the display shown in Fig. 9, so that a detailed explanation 
thereof is omitted. 

[0266] The manufacturing method of an electron emitting apparatus, the manufacturing method of a field emission 
5 device and the manufacturing method of a display in Example 17 will be explained below with reference to Figs. 14A 
and 14B and Fig. 15. 

[Step-1700] 

10 [0267] In the same manner as in [Step-110] in Example 1, an electrically conductive material layer for a cathode 
electrode is formed on a supporting member 1 0 made, for example, of a glass substrate, and the electrically conductive 
material layer is patterned by known lithography and a known RIE method, to form tho cathode electrode 11 in the 
form of a strip on the supporting member 10. The cathode electrode 11 in the form of a stripe extends leftward and 
rightward on the paper surface of the drawing. The electrically conductive material layer is composed, for example, of 

15 an approximately 0.2 u.m thick aluminum (Al) layer formed by a sputtering method. 

[Step-1710] 

[0268] Then, the selective-growth region 20 is formed on the surface of the cathode electrode 11 in the same manner 

20 as in [Step-110] in Example 1 (see Fig. 14A). [Step-1720] 

[0269] Then, the insulating layer 12 is formed on the supporting member 10, the cathode electrode 11 and the se- 
lective-growth region 20. Specifically, the insulating layer 12 is formed on the entire surface in the same manner as in 
[Step-810] in Example 8, and the gate electrode 13 having the first opening portion 14A is formed on the insulating 
layer 12 in the same manner as in [Step-820] in Example 8. Then, the second opening portion 14B communicating 

25 with the first opening portion 14A formed in the gate electrode 13 is formed in the insulating layer 12 in the same 
manner as in [Step-830] in Example 8, to expose the selective-growth region 20 in the bottom portion of the second 
opening portion 14B. In Example 17, the first opening portion 14A and the second opening portion 14B have a one- 
to-one correspondence relationship as well. That is, one second opening portion 14B is formed per first opening portion 
14A. When viewed as a plan view, the first and second opening portions 14A and 14B have the form, for example, of 

30 a circle having a diameter of 1 to 30 urn. It is sufficient to form the opening portions 1 4A and 1 4B, for example, in the 
quantity of approximately 1 to 3000 per pixel. In this manner, the structure shown in Fig. 14B can be obtained. 

[Step-1730] 

35 [0270] Then, the carbon-group-material layer 23 having a thickness of approximately 0.2 urn is formed on the se- 
lective-growth region 20 which portion is exposed in the bottom portion of the second opening portion 14Bto obtain 
the electron emitting portion in the same manner as in [Step-120] in Example 1. Fig. 15 shows the thus-obtained state. 
A condition of forming the carbon-group-material layer 23 according to a microwave plasma CVD method may be the 
same condition as that shown in Table i . 

40 

[Step- 1740] 

[0271 ] For exposing an opening end portion of the gate electrode 1 3, preferably, the side wall surface of the second 
opening portion 14B formed in the insulating layer 12 is allowed to recede by isotropic etching in the same manner as 

45 in [Step-860] in Example 8. Then, a display is assembled in the same manner as in [Step-130] in Example 1 . 

[0272] When [Step-220] and [Step-230] in Example 2 are carried out in [Step-1 730], the electron emitting apparatus 
having a selective-growth region according to the second aspect of the present invention, the field emission device 
having a selective-growth region according to the fifth-A aspect of the present invention and the display having a 
selective-growth region according to the fifth-A aspect of the present invention can be obtained, and it comes to mean 

so that the manufacturing method of a field emission device and the manufacturing method of a display according to the 
fifth-A aspect/fifth-A(1) aspect of the present invention are carried out. 

[0273] Alternatively, when [Step-320] and [Step-330] in Example3 are carried out in [Step-1 730], the electron emitting 
apparatus having a selective-growth region according to the third aspect of the present invention, the field emission 
device having a selective-growth region according to the sixth-A aspect of the present invention and the display having 
55 a selective-growth region according to the sixth-A aspect of the present invention can be obtained, and it comes to 
mean that the manufacturing method of a field emission device and the manufacturing method of a display according 
to the sixth-A aspect/sixth-A(1 ) aspect of the present invention are carried out. 
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Example 1 8 

[0274] Example 1 8 is concerned with the electron emitting apparatus having a selective-growth region according to 
the first aspect of the present invention, the field emission device having a selective-growth region according to the 

5 fourth aspect of the present invention, the display having a selective-growth region according to the fourth aspect of 
the present invention, the manufacturing method of a field emission device according to the seventh (1) aspect of the 
present invention including the step of forming a selective-growth region, and the manufacturing method of a display 
according to the seventh (1 ) aspect of the present invention including the step of forming a selective-growth region. 
[0275] Fig. 16 shows a schematic partial end view of the field emission device or electron emitting apparatus of 

'0 Example 1 8. Since the field emission device has substantially the same structure as that of the field emission device 
explained in Example 17, the detailed explanation thereof will bo omitted. Further, since the display of Example 18 is 
substantially the same display as that shown in Fig. 9, the detailed explanation thereof will be omitted. Unlike the field 
emission devices explained in Examples 8 to 16, a selective-growth region 20 and a carbon-group-material layer 23 
formed thereon extend into an insulating layer 1 2. In some formed state of the selective-growth region 20, the selective- 

15 growth region 20 and the carbon-group-material layer 23 formed thereon may be formed only on a portion of the cathode 
electrode 1 1 positioned in the bottom portion of opening portions 1 4A and 1 4B, like the field emission devices explained 
in Examples 8 to 16. 

[0276] The manufacturing method of an electron emitting apparatus, the manufacturing method of a field emission 
device and the manufacturing method of a display in Example 18 will be explained below with reference to Figs. 3A, 
20 3D and 16. 

[Step-1800] 

[0277] In the same manner as in [Step-110] in Example 1 , an electrically conductive material layer for a cathode 
25 electrode is formed on a supporting member 1 0 made, for example, of a glass substrate, and the electrically conductive 
material layer is patterned by known lithography and a known RIE method, to form the cathode electrode 11 in the 
form of a stripe on the supporting member 10 (See Fig. 3A). The cathode electrode 11 in the form of a stripe extends 
leftward and rightward on the paper surface of the drawing. The electrically conductive material layer is composed, for 
example, of an approximately 0.2 u.m thick aluminum (Al) layer formed by a sputtering method. 

30 

[Step-1 810] 

[0278] Then, the selective-growth region 20 is formed on the surface of the cathode electrode 11 in the same manner 
as in [Step-1 1 0] in Example 1 . 

35 

[Step-1 820] 

[0279] Then, the carbon-group-material layer 23 having a thickness of approximately 0.2 Lim is formed on the se- 
lective-growth region 20 to obtain the electron emitting portion in the same manner as in [Step-1 20] in Example 1 . Fig. 
40 3D shows the thus-obtained state. A condition of forming the carbon-group-material layer 23 according to a microwave 
plasma CVD method may be the same condition as that shown in Table 1 . 

[Step- 1830] 

45 [0280] Then , the gate electrode 1 3 having the first opening portion 1 4A is formed above the carbon-group-material 
layer 23. Specifically, the insulating layer 12 is formed on the entire surface in the same manner as in [Step-810] in 
Example 8, and the gate electrode 13 having the first opening portion 14A is formed on the insulating layer 12 in the 
same manner as in [Step-820] in Example 8. Then, the second opening portion 14B communicating with the first 
opening portion 14A formed in the gate electrode 13 is formed in the insulating layer 12 in the same manner as in 

50 [Step-830] in Example 8, to expose the carbon-group-material layer 23 in the bottom portion of the second opening 
portion 14B. In Example 18, the first opening portion 14A and the second opening portion 14B have a one-to-one 
correspondence relationship as well. That is, one second opening portion 14B is formed per first opening portion 14A. 
When viewed as a plan view, the first and second opening portions 14A and 1 4B have the form, for example, of a circle 
having a diameter of 1 to 30 urn. It is sufficient to form the opening portions 14A and 14B, for example, in the quantity 

55 of approximately 1 to 3000 per pixel. In this manner, the field emission device shown in Fig. 16 can be obtained. 



41 
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[Step- 1840) 

[0281 ] For exposing an opening end portion of the gate electrode 1 3, preferably, the side wall surface of the second 
opening portion 1 4B formed in the insulating layer 12 is allowed to recede by isotropic etching in the same manner as 

5 in [Step-860] In Example 8. Then, a display is assembled in the same manner as in [Step-1 30] in Example 1 . 

[0282] When [Slep-220] and [Slep-230] in Example 2 are carried oul in [Slep-1 820), or when [Slep-220] in Example 
2 is carried out in [Step-1 820] and [Slep-1 830] is followed by [Step-230] in Example 2, the electron emitting apparatus 
having a selective-growth region according to the second aspect of the present invention, the field emission device 
having a selective-growth region according to the fifth-A aspect of the present invention and the display having a 

10 selective-growth region according to the fifth-A aspect of the present invention can be obtained, and it comes to mean 
that the manufacturing method of a field emission device and the manufacturing method of a display according to the 
eighth-A/eighth-A(1) aspect of the present invention are carried out. 

[0283] Alternatively, when [Step-320] and [Step-330] in Example 3 are carried out in [Step-1 820], or when [Step- 
320] in Example 3 is carried out in [Step-1 820] and [Step-1 830] is followed by [Step-330] in Example 3, the electron 

15 emitting apparatus having a selective-growth region according to the third aspect of the present invention, the field 
emission device having a selective-growth region according to the sixth-A aspect of the present invention and the 
display having a selective-growth region according to the sixth-A aspect of the present invention can be obtained, and 
it comes to mean that the manufacturing method of a field emission device and the manufacturing method of a display 
according to the ninth-A/ninth-A(1) aspect of the present invention are carried out. 

20 [0284] In Example 18 or 19, after the formation of the opening portion 14A and 14B, the metal oxide (natural oxide 
film) on the surface of each metal particle or on the surface of the metal thin layer in the exposed selective-growth 
region 20 may be removed as described in [Step-920] in Example 9. There may be employed a constitution in which 
the metallic compound particles are allowed to adhere or the metallic compound thin layer is formed, and then the 
metallic compound particles or the metallic compound thin layer is pyrolyzed to obtain a selective-growth region 20 

25 composed of the metal particles adhering onto the surface of the cathode electrode or a metal thin layerformed thereon 
in the same manner as in Example 1 0. 

[0285] Further, in Example 17 or 18, the step of forming the selective-growth region may comprise the steps of 
forming a mask layer so as to expose the surface of the cathode electrode in a central portion of the bottom portion of 
the second opening portion and forming a metal thin layer on the mask layer and the exposed surface of the cathode 

30 electrode by a sputtering method in the same manner as in Example 11 . Otherwise, the step of forming the selective- 
growth region may comprise the step of forming, on the cathode electrode, a layer from an organometallic compound 
solution, or may comprise the steps of sublimating an organometallic compound and then depositing such an organo- 
metallic compound on the cathode electrode in the same manner as in Example 12 or Example 13. Further, the selec- 
tive-growth region composed of a metal thin layer may be formed on the surface of the cathode electrode by a plating 

35 method in the same manner as in Example 14 and Example 15 and the selective-growth region composed of a metal 
thin layer may be formed on the surface of the cathode electrode by a method in which an organometallic compound 
is pyrolyzed in the same manner as in Example 16. 

Example 1 9 

40 

[0286] Example 19 is concerned with the electron emitting apparatus according to the second-B aspect of the present 
invention, the manufacturing method of an electron emitting apparatus according to the second-B aspect of the present 
invention, the field emission device according to the fifth-B aspect of the present invention, the manufacturing method 
of afield emission device according to the fifth-B aspect, the display according to the fifth-B aspect and the manufac- 

45 turing method of a display according to the fifth-B aspect. 

[0287] The display of Example 1 9 has substantially the same constitution as that of the display of Example 5 having 
a schematic partial end view shown in Fig. 7, so that the detailed explanation thereof will be omitted. 
[0288] Fig. 18B shows a basic constitution of the field emission device or electron emitting apparatus in Example 
19. The field emission device or electron emitting apparatus comprises a cathode electrode (corresponding to an 

so electrically conductive layer) 1 1 formed on a supporting member 1 0, and a gate electrode 1 3 that is formed above the 
cathode electrode 11 and has an opening portion (first opening portion 14A). The field emission device or electron 
emitting apparatus further has an electron emitting portion 15 comprising a carbon-group-material layer 23 formed on 
that portion of the cathode electrode 11 which portion is positioned in the bottom portion of the first opening portion 
14A. Further, an insulating layer 12 is formed on the supporting member 10 and the cathode electrode 11, and a second 

55 opening portion 14B is formed through the insulating layer 12 and communicates with the first opening portion 14A 
formed through the gate electrode 1 3. In Example 1 9, the electron emitting portion 1 5 comprises a matrix 25 and carbon 
nano-tube structures (specifically, carbon-nano-tubes 26) embedded in the matrix 25 such that the top end portions 
thereof are projected. The matrix 25 is formed of water glass. A fluoride-carbide-containing thin film 24 is formed on 
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the surface of the carbon-group-material layer 23, and the fluoride-carbide-containing thin film 24 is a film formed from 
a fluorine-containing hydrocarbon gas. 

[0289] The manufacturing method of the electron emitting apparatus, the manufacturing method of the field emission 
device and the manufacturing method of the display in Example 1 9 will be explained below with reference to Figs. 1 7 A 
s and 1 7B and Figs. 1 8A and 1 8B. [Step-1 900] 

[0290] Firsl, a stripe-shaped cathode electrode 11 made of an approximately 0.2 urn thick chromium (Cr) layer is 
formed on a supporting member 10 made, for example, of a glass substrate, for example, by a sputtering method and 
an etching technique. 

10 [Step-1 910] 

[0291] Then, a dispersion of carbon nano-tube structures in an inorganic binder material made of water glass is 
applied to a predetermined region of the cathode electrode 11 by a screen printing method, the solvent is removed, 
and the binder material is fired, whereby the electron emitting portion 15 can be obtained (see Fig. 17A). As a firing 
15 condition, the firing can be carried out, for example, in dry atmosphere at 400°C for 30 minutes. The carbon-nano- 
tubes are prepared by an arc discharge method and have an average diameter of 30 nm and an average length of 1 urn. 

[Step-1 920] 

20 [0292] Then , an insulating layer 1 2 is formed on the supporting member 1 0, the cathode electrode 1 1 and the electron 
emitting portion 15. Specifically, the insulating layer 12 having a thickness of approximately 1 u.m is formed on the 
entire surface, for example, by a CVD method using TEOS (tetraethoxysilane) as a source gas. The insulating layer 
12 can be formed under the same condition as that shown in Table 7. 

25 [Step-1 930] 

[0293] Then, a stripe-shaped gate electrode 13 is formed on the insulating layer 12, and further, a mask layer 27 is 
formed on the insulating layer 12 and the gate electrode 13. Then, a first opening portion 14A is formed through the 
gate electrode 13, and further, a second opening portion 14B communicating with the first opening portion 14A formed 
30 through the gate electrode 13 is formed through the insulating layer 12 (see Fig. 17B). When the matrix 25 is constituted 
of a water glass 25, for example, the insulating layer 1 2 can be etched without etching the matrix 25. That is, the etching 
selection ratio between the insulating layer 12 and the matrix 25 is approximately infinite. The carbon nano-tubes 26 
are therefore not damaged when the insulating layer 12 is etched. 

35 [Step-1 940] 

[0294] Then , part of the matrix 25 formed of the water glass is preferably removed with a sodium hydroxide (NaOH) 
aqueous solution, to obtain the carbon-nano-tubes 26 in a state where the top end portions thereof are projected from 
the matrix 25. In this manner, the electron emitting portion 15 having a structure shown in Fig. 18A can be obtained. 

40 [0295] Some or all of the carbon nano-tubes 26 may change in their surface state due to the etching of the matrix 
25 (for example, oxygen atoms or oxygen molecules are adsorbed to their surfaces), and the carbon nano-tubes 26 
are deactivated with respect of electric field emission in some cases. Therefore, it is preferred to subject the electron- 
emitting portion 1 5 to a plasma treatment in a hydrogen gas atmosphere. By the plasma treatment, the electron-emitting 
portion 15 is activated, and the efficiency of emission of electrons from the electron-emitting portion 15 is further im- 

45 proved. Table 11 shows an example of a plasma treatment condition. 



Table 11 



Gas to be used 


H 2 = 100 seem 


Source power 


1000 w 


Power to be applied to supporting member 


50 V 


Reaction pressure 


0.1 Pa 


Substrate temperature 


300°C 
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[Step- 1950] 

[0296] Then , in the same manner as in [Step-230] in Example 2 : a fluoride-carbide-containing thin film (CF X thin film) 
24 is formed on the surface of the carbon-group-material layer 23 comprising the carbon nano-tubes 26, from a fluorine- 
containing hydrocarbon gas, thereby to obtain an electron emitting portion 15 comprising the carbon-group-material 
layer 23 and Ihe fluoride-carbide-conlaining thin film 24 formed on the surface of the carbon-group-material layer 23 
(see Fig. 18B). 

[Step- 1960] 

[0297] For exposing an opening end portion of the gate electrode 1 3, preferably, the side wall surface of the second 
opening portion 14B formed in the insulating layer 12 is allowed to recede by isotropic etching in the same manner as 
in [Step-860] in Example 8. Then, the mask layer 27 is removed. 

[Step- 1970] 

[0298] Then , a display is assembled in the same manner as in [Step-1 30] in Example 1 . 

[0299] When [Step-330] in Example 3 is carried out in [Step-1 950], the electron emitting apparatus according to the 
third-B aspect of the present invention and the manufacturing method thereof, the field emission device according the 
sixth-B aspect of the present invention and the display according to the sixth-B aspect of the present invention can be 
obtained, and it comes to mean that the manufacturing method of afield emission device and the manufacturing method 
'of a display according to the sixth-B aspect of the present invention are carried out. 

[0300] Alternatively, when [Step-1 900], [Step-1 91 0], [Step-1 940], [Step-1 950] and [Step-1 970] are carried out, there 
are obtained the electron emitting apparatus according to the second-B aspect of the present invention and the man- 
ufacturing method thereof, the field emission device according to the second-B aspect of the present invention and 
the manufacturing method thereof, and the display according to the second-B aspect of the present invention and the 
manufacturing method thereof. 

[0301] Alternatively, when [Step-1 900], [Step-1 910], [Step-1 940], [Step-330] and [Step-1 970] are carried out, there 
can be obtained the electron emitting apparatus according to the third-B aspect of the present invention and the man- 
ufacturing method thereof, the field emission device according to the third-B aspect of the present invention and the 
manufacturing method thereof, and the display according to the third-B aspect of the present invention and the man- 
ufacturing method thereof. 

[0302] Alternatively, when [Step-1800], [Step-1 910], [Step-1 830], [Step-1 940], [Step- 1950] and [Step-1 840] are car- 
ried out, the electron emitting apparatus and the display according to the fifth-B aspect of the present invention can 
be obtained, and it comes to mean that the manufacturing method of a field emission device according to the eighth- 
B aspect of the present invention and the manufacturing method of a display according to the eighth-B aspect of the 
present invention are carried out. 

[0303] Alternatively, when [Step-1800], [Step-1 910], [Step-1 830], [Step-1 940], [Step-330] and [Step-1 840] are car- 
ried out, the electron emitting apparatus and the display according to the sixth-B aspect of the present invention can 
be obtained, and it comes to mean that the manufacturing method of a field emission device according to the ninth-B 
aspect of the present invention and the manufacturing method of a display according to the ninth-B aspect of the 
present invention are carried out. 

Example 20 

[0304] Example 20 is concerned with the electron emitting apparatus according to the second-B aspect of the present 
invention, the manufacturing method of an electron emitting apparatus according to the second-C aspect of the present 
invention, the field emission device according to the fifth-B aspect of the present invention, the manufacturing method 
of a field emission device according to the fifth-C aspect of the present invention, the display according to the fifth-B 
aspect of the present invention, and the manufacturing method of a display according to the fifth-C aspect of the present 
invention. 

[0305] The electron emitting apparatus, the field emission device and the display in Example 20 have substantially 
the same structures as those of the electron emitting apparatus and the field emission device having a schematic 
partial end view shown in Fig. 18B in Example 19 and of the display having a schematic partial end view shown in Fig. 
7 in Example 5, so that the detailed explanations thereof will be omitted. In Example 20, the electron emitting portion 
15 comprises a matrix 25 and carbon nano-tube structures (specifically, carbon-nano-tubes 26) embedded in the matrix 
25 in a state where the top end portions thereof are projected, and the matrix 25 is made of a metal oxide having 
electrical conductivity (specifically, indium-tin oxide, ITO). A fluoride-carbide-containing thin film 24 is formed on the 
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surface of a carbon-group-material layer 23, and the fluoride-carbide-containing thin film 24 is a film formed from a 
fluorine-containing hydrocarbon gas. 

[0306] The manufacturing method of the field emission device will be explained below with reference again to Figs. 
1 7 A and 1 7B and Figs. 1 8A and 1 8B. 

5 

[Step-2000] 

[0307] First, a stripe-shaped cathode electrode 1 1 made of an approximately 0.2 urn thick chromium (Cr) layer is 
formed on a supporting member 1 0 made, for example, of a glass substrate, for example, by a sputtering method and 
'0 an etching technique. 

[Step-2010] 

[0308] Then, a metal compound solution consisting of an organic acid metal compound in which the carbon nano- 

'5 tube structures are dispersed is applied onto the cathode electrode 11 , for example, by a spray method. Specifically, 
a metal compound solution shown in Table 12 is used. In the metal compound solution, the organic tin compound and 
the organic indium compound are in a state where they are dissolved in an acid (for example, hydrochloric acid, nitric 
acid or sulfuric acid). The carbon nano-tube is produced by an arc discharge method and has an average diameter of 
30 nm and an average length of 1 (m. In the application, the supporting member is heated to 70 - 1 50(C. Atmospheric 

20 atmosphere is employed as an application atmosphere. After the application, the supporting member is heated for 5 
to 30 minutes to fully evaporate butyl acetate off. When the supporting member is heated during the application as 
described above, the applied solution begins to dry before the carbon nano-tubes are self-leveled toward a horizontal 
direction of the surface of the cathode electrode. As a result, the carbon nano-tube can be arranged on the surface of 
the cathode electrode in a state where the carbon nano-tube is not in a level position. That is, the carbon nano-tube 

25 can be aligned in the direction in which the top portion of the carbon nano-tube faces the anode electrode, in other 
words, the carbon nano-tube comes close to the normal direction of the supporting member. The metal compound 
solution having a composition shown in Table 1 2 may be prepared beforehand, or a metal compound solution containing 
no.carbon nano-tubes may be prepared beforehand and the carbon nano-tubes and the metal compound solution may 
be mixed before the application. For improving dispersibility of the carbon nano-tubes, ultrasonic wave may be applied 

so when the metal compound solution is prepared. 



Table 12 



Organic tin compound and organic indium compound 


0.1 - 10 parts by weight 


Dispersing agent (sodium dodecylsulfate) 


0.1 -5 parts by weight 


Carbon nano-tubes 


0.1 - 20 parts by weight 


Butyl acetate 


Balance 



40 [0309] When a solution of an organic tin compound dissolved in an acid is used as an organic acid metal compound 
solution, tin oxide is obtained as a matrix. When a solution of an organic indium compound dissolved in an acid is used, 
indium oxide is obtained as a matrix. When a solution of an organic zinc compound dissolved in an acid is used, zinc 
oxide is obtained as a matrix. When a solution of an organic antimony compound dissolved in.an acid is used, antimony 
oxide is obtained as a matrix. When a solution of an organic antimony compound and an organic tin compound dissolved 

45 in an acid is used, antimony-tin oxide is obtained as a matrix. Further, when an organic tin compound is used as an 
organic metal compound solution, tin oxide is obtained as amatrix. When an organic indium compound is used, indium 
oxide is obtained as a matrix. When an organic zinc compound is used, zinc oxide is obtained as a matrix. When an 
organic antimony compound is used, antimony oxide is obtained as a matrix. When an organic antimony compound 
and an organic tin compound are used, antimony-tin oxide is obtained as a matrix. Alternatively, a solution of metal 

so chloride (for example, tin chloride or indium chloride) may be used. 

[0310] After the metal compound solution is dried, salient convexo-concave shapes may be formed on the surface 
of the metal compound layer in some cases. In such cases, it is desirable to apply the metal compound solution again 
on the metal compound layer without heating the supporting member. 

55 [Step-2020] 

[031 1 ] Then , the metal compound constituted of the organic acid metal compound is fired, to give an electron emitting 
portion 1 5 having the carbon nano-tubes 26 fixed onto the surface of the cathode electrode 1 1 with the matrix 25 (which 
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is specifically a metal oxide, and more specifically, ITO) containing metal atoms (specifically, In and Sn) constituting 
the organic acid metal compound. The firing is carried out in an atmospheric atmosphere at 350(C for 20 minutes. The 
thus-obtained matrix 25 had a volume resistivity of 5 x 10-7 ((m. When the organic acid metal compound is used as a 
starting material, the matrix 25 made of ITO can be formed at a low firing temperature of as low as 350(C. The organic 
acid metal compound solution may be replaced with an organic metal compound solution. When a solution of metal 
chloride (for example, tin chloride and indium chloride) is used, the matrix 25 made of ITO is formed while the tin 
chloride and indium chloride are oxidised by the firing. 

[Step-2030] 

[0312] Then , a resist layer is formed on the entire surface, and the circular resist layer having a diameter, for example, 
of 1 0 u.m is retained above a desired region of the cathode electrode 1 1 . The matrix 25 is etched with hydrochloric acid 
having a temperature of 10 to 60°C for 1 to 30 minutes, to remove an unnecessary portion of the electron emitting 
portion. Further, when the carbon nano-tubes still remain in a region different from the desired region, the carbon nano- 
tubes are etched by an oxygen plasma etching treatment under a condition shown in Table 13. A bias power may be 
0 W, i.e., direct current, while it is desirable to apply the bias power. The supporting member may be heated, for 
example, to approximately 80°C. 



Table 13 



Apparatus to be used 


RE apparatus 


Gas to be introduced 


Gas containing oxygen 


Plasma exciting power 


500 W 


Bias power 


0-150W 


Treatment time period . 


at least 1 0 seconds 



[0313] Alternatively, the carbon nano-tubes can be etched by a wet etching treatment under a condition shown in 
Table 14. 



Table 14 



Solution to be used 


KMn0 4 


Temperature 


20 - 120°C 


Treatment time period 


10 seconds - 20 minutes 



[0314] Then, the resist layer is removed, whereby a structure shown in Fig. 17Acan be obtained. It is not necessarily 
required to retain a circular electron emitting portion having a diameter of 10 urn. For example, the electron-emitting 
portion may be retained on the cathode electrode 11. 

[0315] The process may be carried out in the order of [Step-201 0], [Step-2030] and [Step-2020]. 
[Step-2040] 

[031 6] Then, an insulating layer 12 is formed on the supporting member 1 0, the cathode electrode 1 1 and the electron 
emitting portion 15. Specifically, the insulating layer 12 having a thickness of approximately 1 u.m is formed on the 
entire surface, for example, by a CVD method using TEOS (tetraethoxysilane) as a source gas. The insulating layer 
1 2 can be formed under the same condition as that shown in Table 7. 

[Step-2050] 

[0317] Then, a stripe-shaped gate electrode 13 is formed on the insulating layer 12, and further, a mask layer 27 is 
formed on the insulating layer 12 and the gate electrode 13. Then, a first opening portion 14A is formed through the 
gate electrode 13, and further, a second opening portion 14B communicating with the first opening portion 1 4A formed 
through the gate electrode 1 3 is formed through the insulating layer 1 2 (see Fig. 1 7B). When the matrix 25 is constituted 
of a metal oxide, for example, ITO, the insulating layer 12 can be etched without etching the matrix 25. That is, the 
etching selection ratio between the insulating layer 12 and the matrix 25 is approximately infinite. The carbon nano- 
tubes 26 are therefore not damaged when the insulating layer 12 is etched. 
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[Step-2060] 

[0318] Then, preferably, part of the matrix 25 is removed under a condition shown in Table 15, to obtain the carbon 
nano-tubes 26 in a state where top portions thereof are projected from the matrix 25. In this manner, the electron 
emitting portion 15 having a structure shown In Fig. 18A can be obtained. 



Table 15 



Etching solution 


Hydrochloric acid 


Etching time period 


1 0 seconds - 30 seconds 


Etching temperature 


10-60-C 



[0319] Some or all of the carbon nano-tubes 26 may change in their surface state due to the etching of the matrix 
25 (for example, oxygen atoms or oxygen molecules or fluorine atoms are adsorbed to their surfaces), and the carbon 
nano-tubes 26 are deactivated with respect of electric field emission in some cases. Therefore, it is preferred to subject 
the electron emitting portion 15 to a plasma treatment in a hydrogen gas atmosphere. By the plasma treatment, the 
electron emitting portion 15 is activated, and the efficiency of emission of electrons from the electron emitting portion 
15 is further improved. A condition of the plasma treatment may be the same condition as those shown in Table 11 . 

[Step-2070] 

[0320] Then, in the same manner as in [Step-230] in Example 2, a fluoride-carbide-containing thin film (CF X thin film) 
24 is formed on the surface of the carbon-group-material layer 23 comprising the carbon nano-tubes 26, from a fluorine- 
containing hydrocarbon gas, thereby to obtain an electron emitting portion 15 comprising the carbon-group-material 
layer 23 and the fluoride-carbide-containing thin film 24 formed on the surface of the carbon-group-material layer 23. 

[Step-2080] 

[0321] For exposing an opening end portion of the gate electrode 1 3, preferably, the side wall surface of the second 
opening portion 14B formed in the insulating layer 12 is allowed to recede by isotropic etching in the same manner as 
in [Step-860] in Example 8. Then, the. mask layer 27 is removed. In this manner, the field emission device shown in 
Fig. 18B can be completed. 

[Step-2090] 

[0322] Then, a display is assembled in the same manner as in [Step-130] in Example 1 . 

[0323] When [Step-330] in Example 3 is carried out in [Step-2070], the electron emitting apparatus according to the 
third-C aspect of the present invention and the manufacturing method thereof, the field emission device according to 
the sixth-B aspect of the present invention, and the display according to the sixth-B aspect of the present invention 
can be obtained, and it comes to mean that the manufacturing method of a field emission device and the manufacturing 
method of a display according to the sixth-C aspect of the present invention are carried out. 

[0324] Alternatively, when [Step-2000] to [Step-2030], [Step-2060], [Step-2070] and [Stepr2090] are carried out, the 
electron emitting apparatus according to the second-B aspect of the present invention, the field emission device ac- 
cording to the second-B aspect of the present invention and the display according to the second-B aspect of the present 
invention can be obtained, and it comes to mean that the manufacturing method of an electron emitting apparatus 
according to the second-C aspect of the present invention , the manufacturing method of a field emission device ac- 
cording to the second-C aspect of the present invention and the manufacturing method of a display according to the 
second-C aspect of the present invention are carried out. 

[0325] Alternatively, when [Step-2000] to [Step-2030], [Step-2060], [Step-330] and [Step-2090] are carried out, the 
electron emitting apparatus according to the third-B aspect of the present invention, the field emission device according 
to the third-B aspect of the present invention and the display according to the third-B aspect of the present invention 
can be obtained, it comes to mean that the manufacturing method of an electron emitting apparatus according to the 
third-C aspect of the present invention, the manufacturing method of a field emission device according to the third-C 
aspect of the present invention and the manufacturing method of a display according to the third-C aspect of the present 
invention are carried out. 

[0326] Alternatively, when [Step-1 800], [Step-201 0] to [Step-2030], [Step-1 830], [Step-2060], [Step-2070] and [Step- 
1840] are carried out, the electron emitting apparatus according to the second-B aspect of the present invention, the 
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field emission device according to the fifth-B aspect of the present invention and the display according to the fifth-B 
aspect of the present invention can be obtained, and it comes to mean that the manufacturing method of an electron 
emitting apparatus according to the second-C aspect of the present invention, the manufacturing method of a field 
emission device according to the eighth-C aspect of the present invention and the manufacturing method of a display 
according to the eighth-C aspect of the present invention are carried out. 

[0327] Alternatively, when [Step-1800], [Step-2010] lo [Step-2030], [Slep-1830], [Step-2060], [Step-330] and [Slep- 
1840] are carried out, the electron emitting apparatus according lo the. Ihird-B aspecl of the present invention, the field 
emission device according to the sixth-B aspect of the present invention and the display according to the sixth-B aspect 
of the present invention can be obtained, and it comes to mean that the manufacturing method of an electron emitting 
apparatus according to the third-C aspect of the present invention, the manufacturing method of afield emission device 
according to the ninth-C aspect of the present invention and the manufacturing method of a display according to the 
ninth-C aspect of the present invention are carried out. 

[0328] While the present invention has been explained on the basis of Examples, the present invention shall not be 
limited thereto. The constitutions and structures explained with regard to the anode panel, the cathode panel, the 
displays and the field emission devices in Examples are given as examples and may be modified as required. The 
manufacturing method, various conditions and materials explained with regard to the anode panel, the cathode panel, 
the displays and the field emission devices are given as examples and may be modified as required. Further, the 
various materials used in the manufacture of the anode panels and the cathode panels are also given as examples 
and may be changed as required. With regard to the display, color displays are explained as examples, while the 
display may be a monochromatic display. 

[0329] A variant of the "two-electrodes" type display explained in Examples 1 to 4 will be explained below. This 
display variant has a schematic partial cross-sectional view as shown in Fig. 1 . In the display variant, a cathode elec- 
trode 11 and an anode electrode 33 have the form of a stripe and have a structure in which the projection image of the 
stripe-shaped cathode electrode 1 1 and the projection image of the stripe-shaped anode electrode 33 cross each other 
at right angles. Specifically, the cathode electrode 11 extends in the direction perpendicular to the paper surface of 
Fig. 1 , and the anode electrode 33 extends rightward and leftward on the paper surface of the drawing, In a cathode 
panel CP of the above display variant, a great number of electron emitting portions constituted of a plurality of the 
above field emission devices each are formed in an effective field in the form of a two-dimensional matrix. It is not 
required to provide a switching element between the cathode electrode and a cathode-electrode control circuit 40A. 
[0330] In the above display variant, an electric field formed by the anode electrode 33 causes the electron emitting 
portion 15 to emit electrons on the basis of a quantum tunnel effect, and the electrons are drawn to the anode electrode 
33 to collide with a phosphor layer 31 . That is, the display is driven by a so-called simple matrix method in which 
electrons are emitted from the electron emitting portion 1 5 positioned in an overlap region where the projection images 
of the anode electrode 33 and the cathode electrode 1 1 overlap (a cathode electrode/anode electrode overlap region). 
Specifically, a relatively negative voltage is applied to the cathode electrode 1 1 from the cathode-electrode control 
circuit 40A, and a relatively positive voltage is applied to the anode electrode 33 from an anode-electrode control circuit 
42. As a result, electrons are selectively emitted into a vacuum space from the electron emitting portion 15 positioned 
in the anode electrode/cathode electrode overlap region of a row-selected cathode electrode 11 and a column-selected 
anode electrode 33 (or a column-selected cathode electrode 1 1 and a row-selected anode electrode 33). The electrons 
are drawn to the anode electrode 33, collide with the phosphor layer 31 constituting the anode panel AP, excite the 
phosphor layer 31 , and cause the phosphor layer 31 to emit light. 

[0331] For forming the gate electrode, there may be employed other method in which a metal layer which is in the 
form of a band and has a plurality of opening portions formed therein is provided in advance, a gate electrode supporting 
members composed of an insulating material in the form of, for example, a band are formed on the supporting member 
10 in advance, and the metal layer is arranged above the carbon-group-material layer or the selective-growth region 
such that the metal layer is in contact with the top surfaces of the gate electrode supporting members. In this case, 
the selective-growth region and the carbon-group-material layer may be formed before the arrangement of the gate 
electrode, or the selective-growth region and the carbon-group-material layer may be formed after the arrangement of 
the gate electrode. Otherwise, the selective-growth region may be formed before the arrangement of the gate electrode, 
and the carbon-group-material layer may be formed after the arrangement of the gate electrode. In these cases, the 
selective-growth region 20 may not be formed right below the first opening portion 1 4A. I n these case, the field emission 
device or the display according to any one of the fourth to sixth aspects of the present invention can be obtained, and 
it comes to mean that the manufacturing method of a field emission device and the manufacturing method of a display 
according to any one of the seventh to ninth aspects of the present invention are carried out. 
[0332] The field emission device of the present invention may have a constitution in which a second insulating layer 
17 is further formed in the gate electrode 13 and the insulating layer 12, and a focus electrode 18 is formed on the 
second insulating layer 17. Fig. 19 shows a schematic partial end view of the thus-constituted field emission device. 
The second insulating layer 17 has a third opening portion 19 communicating with the first opening portion 14A. The 
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focus electrode 1 8 may be formed as follows. For example, in [Step-81 0] in Example 8, the gate electrode 1 3 in the 
form of a stripe is formed on the insulating layer 12, then, the second insulating layer 1 7 is formed, then, a patterned 
focus electrode 18 is formed on the second insulating layer 17, the third opening portion 19 is formed in the focus 
electrode 1 8 and the second insulating layer 1 7, and further, the first opening portion 1 4A is formed in the gate electrode 
13. 

[0333] Not only the focus electrode is formed by the above method, but also the focus electrode can be formed by 
forming an insulating film made, for example, ol SiO z on each surface of a metal sheet made, Tor example, of 42 % 
Ni- Fe alloy having a thickness of several tens micrometers, and then forming the opening portions in regions corre- 
sponding to pixels by punching or etching. And, the cathode panel, the metal sheet and the anode panel are stacked, 
a frame is arranged in circumferential portions of the two panels, and a heat treatment is carried out to bond the 
insulating film formed on one surface of the metal sheet and the insulating layer 12 and to bond the insulating film 
formed on the other surface of the metal sheet and the anode panel, whereby these members are integrated, followed 
by evacuating and sealing. Whereby, the display can be also completed. 

[0334] The gate electrode can be formed so as to have a form in which the effective field is covered with one sheet 
of an electrically conductive material (having a first opening portion). In this case, a positive voltage is applied to the 
gate electrode. And, a switching element constituted, for example, of TFT is provided between the cathode electrode 
constituting a pixel and the cathode-electrode control circuit, and the voltage application state to the cathode electrode 
constituting the pixel is controlled by the operation of the above switching element, to control the light emission state 
of the pixel. 

[0335] Alternatively, the cathode electrode can be formed so as to have a form in which the effective filed is covered 
with one sheet of an electrically conductive material. In this case, a voltage is applied to the cathode electrode. And, 
a switching element constituted, for example, of TFT is provided between the gate electrode constituting a pixel and 
the gate-electrode control circuit, and the voltage application state to the gate electrode constituting the pixel is con- 
trolled by the operation of the switching element, to control the light emission state of the pixel. 
[0336] The anode electrode may be an anode electrode having a form in which the effective field is covered with 
one sheet-shaped electrically conductive material or may bean anode electrode having a form in which anode electrode 
units each of which corresponds to one or a plurality of electron emitting portions or one or a plurality of pixels are 
gathered. When the anode electrode has the former constitution, the anode electrode can be connected to the anode- 
electrode control circuit. When the anode electrode has the latter constitution, for example, each anode electrode unit 
can be connected to the anode-electrode control circuit. 

[0337] The electron emitting apparatus of the present invention can be applied to a device generally called a surface- 
conduction-type electron emitting apparatus. The surface-conduction-type electron emitting apparatus comprises a 
supporting member made, for example, of glass and pairs of electrodes formed on the supporting member. The elec- 
trode is composed of an electrically conductive material such as tin oxide (Sn0 2 ), gold (Au), indium oxide (ln 2 0 3 )/tin 
oxide (Sn0 2 ), carbon, palladium oxide (Pod), etc. The pair of the electrodes has a very small area and is arranged at 
a predetermined interval (gap). The pairs of the electrodes are formed in the form of a matrix. And, the surface-con- 
duction-type electron emitting apparatus has a constitution in which a wiring in the row direction is connected to one 
of each pair of the electrodes and a wiring in the column direction is connected to the other of each pair of the electrodes. 
In the surface-conduction-type electron emitting apparatus, a selective-growth region is formed on the surface of each 
pair of the electrodes (corresponding to the electrically conductive layer), and the electron emitting portion comprising 
the carbon-group-material layer is formed on the selective-growth region. When a voltage is applied to a pair of the 
electrodes, an electric field is exerted on the carbon-group-material layers opposed to each other through the gap, and 
electrons are emitted from the carbon-group-material layer. Such electrons are attracted toward the anode panel to 
collide with the phosphor layer on the anode panel, so that the phosphor layer is excited to emit light and gives a 
desired image. 

[0338] In the present invention, the electron emitting portion or the carbon-group-material layer exhibits a kind of 
water repellency. As a result, it is made possible to inhibit the adherence and adsorption of a gas or gaseous substance 
released from various members constituting the cathode electrode and the display, particularly water, to/on the electron 
emitting portion (specifically, the carbon-group-material layer). Therefore, the deterioration of properties of the electron 
emitting portion can be reliably prevented. 

[0339] Further, since the electron emitting portion comprises the carbon-group-material layer, there can be obtained 
a cold cathode field emission device or electron emitting apparatus having a low threshold voltage and high electron 
emission efficiency, and there can be also obtained a cold cathode field emission display that performs with a low 
power consumption and accomplishes high-quality images. Further, even when the number of cold cathode field emis- 
sion devices to be formed is increased to a great extent dueto an increase in the area of the effective field, the electron 
emitting portions of the cold cathode field emission devices can be highly accurately formed, so that the electron 
emission efficiency of the electron emitting portions can be made uniform overthe entire area of the effective field, and 
there can be manufactured a cold cathode field emission display that has almost no non-uniformity in luminescence 
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efficiency and accomplishes high-quality images. Further, since the carbon-group-material layer can be formed at a 
relatively low temperature, a glass substrate can be used as a supporting member, and the production cost can be 
decreased. 

[0340] In the present invention, further, when the selective-growth region is formed, the electron emitting portion 
comprising the carbon-group-material layer can be formed in a predetermined portion of the electrically conductive 
layer or the cathode electrode, and that it is no longer necessary io pattern the carbon-group-malerial layer for adjusting 
the carbon-group-material layer to a predetermined form. Further, when the carbon nano-tube structures are employed 
to constitute the electron emitting portion, the electron emitting portion can be easily formed. 



1 . An electron emitting apparatus constituted of an electron emitting portion formed on an electrically conductive layer, 

the electron emitting portion comprising a carbon-group-material layer, and 

the carbon-group-material layer being a layer formed from a hydrocarbon gas and a fluorine-containing hy- 
drocarbon gas. 

2. The electron emitting apparatus according to claim 1 , in which the electrically conductive layer is constituted from 
copper, silver or gold. 

3. The electron emitting apparatus according to claim 1, in which a selective-growth region is formed between the 
electrically conductive layer and the carbon-group-material layer. 

4. An electron emitting apparatus constituted of an electron emitting portion formed on an electrically conductive layer, 

the electron emitting portion comprising a carbon-group-material layer and a fluoride-carbide-containing thin 
film formed on the surface of the carbon-group-material layer, and 

the fluoride-carbide-containing thin film being a film formed from a fluorine-containing hydrocarbon gas. 

5. The electron emitting apparatus according to claim 4, in which the carbon-group-material layer is a layer formed 
from a hydrocarbon gas. 

6. The electron emitting apparatus according to claim 5, in which the electrically conductive layer is constituted from 
copper, silver or gold. 

7. The electron emitting apparatus according to claim 5, in which a selective-growth region is formed between the 
electrically conductive layer and the carbon-group-material layer. 

8. The electron emitting apparatus according to claim 4, in which the carbon-group-material layer is formed of carbon- 
nano-tube structures. 

9. An electron emitting apparatus constituted of an electron emitting portion formed on an electrically conductive layer, 

the electron emitting portion comprising a carbon-group-material layer, and 

the carbon-group-material layer having a surface terminated with fluorine atoms. 

10. The electron emitting apparatus according to claim 9, in which the termination of the surface of the carbon-group- 
material layer with fluorine atoms is carried out with a fluorine-containing hydrocarbon gas. 

11. The electron emitting apparatus according to claim 9, in which the carbon-group-material layer is a layer formed 
from a hydrocarbon gas. 

12. The electron emitting apparatus according to claim 11 , in which the electrically conductive layer is constituted from 
copper, silver or gold. 

13. The electron emitting apparatus according to claim 11 , in which a selective-growth region is formed between the 
electrically conductive layer and the carbon-group-material layer. 

14. The electron emitting apparatus according to claim 9, in which the carbon-group-material layer is formed of carbon- 
nano-tube structures. 
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15. A cold cathode field emission device comprising; 

(a) a cathode electrode formed on a supporting member, and 

(b) an electron emitting portion formed on the cathode electrode, 

in which Ihe electron emitling portion comprises a carbon-group-material layer, and the carbon-group-ma- 
terial layer is a layer formed from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 

16. The cold cathode field emission device according to claim 15, in which a selective-growth region is formed between 
the cathode electrode and the carbon-group-material layer. 

17. A cold cathode field emission device comprising; 

(a) a cathode electrode formed on a supporting member, and 

(b) an electron emitting portion formed on the cathode electrode, 

in which the electron emitting portion comprises a carbon-group-material layer and a fluoride-carbide-con- 
taining thin film formed on the surface of the carbon-group-material layer, and the fluoride-carbide-containing thin 
film is a film formed from a fluorine-containing hydrocarbon gas 

18. The cold cathode field emission device according to claim 17, in which the carbon-group-material layer is a layer 
formed from a hydrocarbon gas. 

19. The cold cathode field emission device according to claim 18, in which a selective-growth region is formed between 
the cathode electrode and the carbon-group-material layer. 

20. The cold cathode field emission device according to claim 1 7, in which the carbon-group-material layer is formed 
of carbon-nano-tube structures. 

21 . A cold cathode field emission device comprising; 

(a) a cathode electrode formed on a supporting member, and 

(b) an electron emitting portion formed on the cathode electrode, 

in which the electron emitting portion comprises a carbon-group-material layer, and the carbon-group-ma- 
terial layer has a surface terminated with fluorine atoms. 

22. The cold cathode field emission device according to claim 21 , in which the termination of the surface of the carbon- 
group-material layer with fluorine atoms is carried out with a fluorine-containing hydrocarbon gas. 

23. The cold cathode field emission device according to claim 21 , in which the carbon-group-material layer is a layer 
formed from a hydrocarbon gas. 

24. The cold cathode field emission device according to claim 23, in which a selective-growth region is formed between 
the cathode electrode and the carbon-group-material layer. 

25. The cold cathode field emission device according to claim 21, in which the carbon-group-material layer is formed 
• of carbon-nano-tube structures. 

26. A cold cathode field emission device comprising; 

(a) a cathode electrode formed on a supporting member, 

(b) a gate electrode which is formed above the cathode electrode and has an opening portion, and 

(c) an electron emitting portion formed in a portion of the cathode electrode which portion is positioned in a 
bottom portion of the opening portion, 

in which the electron emitting portion comprises a carbon-group-material layer, and the carbon-group-ma- 
terial layer is a layer formed from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 
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27. The cold cathode field emission device according to claim 26, in which the cathode electrode is constituted from 
copper, silver or gold. 

28. The cold cathode field emission device according to claim 26, in which a selective-growth region is formed at least 
between the cathode electrode and the carbon-group-material layer. 

29. The cold cathode field emission device according to claim 26, in which an insulating layer is formed on the sup- 
porting member and the cathode electrode, and a second opening portion communicating with the opening portion 
made through the gate electrode is made through the insulating layer. 

30. A cold cathode field emission device comprising; 

(a) a cathode electrode formed on a supporting member, 

(b) a gate electrode which is formed above the cathode electrode and has an opening portion, and 

(c) an electron emitting portion formed in a portion of the cathode electrode which portion is positioned in a 
bottom portion of the opening portion, 

in which the electron emitting portion comprises a carbon-group-material layer and a fluoride-carbide-con- 
taining thin film formed on the surface of the carbon-group-material layer, and the fluoride-carbide-containing thin 
film is a film formed from a fluorine-containing hydrocarbon gas. 

31. The cold cathode field emission device according to claim 30, in which the carbon-group-material layer is a layer 
formed from a hydrocarbon gas. 

32. The cold cathode field emission device according to claim 31 , in which the cathode electrode is constituted from 
copper, silver or gold. 

33. The cold cathode field emission device according to claim 31 , in which a selective-growth region is formed at least 
between the cathode electrode and the carbon-group-material layer. 

34. The cold cathode field emission device according to claim 30, in which an insulating layer is formed on the sup- 
porting member and the cathode electrode, and a second opening portion communicating with the opening portion 
made through the gate electrode is made through the insulating layer. 

35. The cold cathode field emission device according to claim 30, in which the carbon-group-material layer is formed 
of carbon-nano-tube structures. 

36. A cold cathode field emission device comprising; 

(a) a cathode electrode formed on a supporting member, 

(b) a gate electrode which is'formed above the cathode electrode and has an opening portion, and 

(c) an electron emitting portion formed in a portion of the cathode electrode which portion is positioned in a 
bottom portion of the opening portion, 

in which the electron emitting portion comprises a carbon-group-material layer, and the carbon-group-ma- 
terial layer has a surface terminated with fluorine atoms. 

37. The cold cathode field emission device according to claim 36, in which the termination of the surface of the carbon- 
group-material layer with fluorine atoms is carried out with a fluorine-containing hydrocarbon gas. 

38. The cold cathode field emission device according to claim 36, in which the carbon-group-material layer is a layer 
formed from a hydrocarbon gas. 

39. The cold cathode field emission device according to claim 38, in which the cathode electrode is constituted from 
copper, silver or gold. 



40. The cold cathode field emission device according to claim 38, in which a selective-growth region is formed at least 
between the cathode electrode and the carbon-group-material layer. 
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41. The cold cathode field emission device according to claim 36, in which an insulating layer is formed on the sup- 
porting member and the cathode electrode, and a second opening portion communicating with the opening portion 
made through the gate electrode is made through the insulating layer. 

42. The cold cathode field emission device according to claim 36, in which the carbon-group-material layer Is formed 
of carbon-nano-tube structures. 

43. A cold cathode field emission display having a plurality of pixels, 

each pixel being constituted of a cold cathode field emission device, an anode electrode and a phosphor 
layer, said anode electrode and said phosphor layer being formed on a substrate so as to face the cold cathode 
field emission device, and 

the cold cathode field omission device comprising; 

(a) a cathode electrode formed a supporting member, and 

(b) an electron emitting portion formed on the cathode electrode, 

in which the electron emitting portion comprises a carbon-group-material layer, and the carbon-group-ma- 
terial layer is a layer formed from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 

44. The cold cathode field emission display according to claim 43, in which a selective-growth region is formed between 
the cathode electrode and the carbon-group-material layer. 

45. A cold cathode field emission display having a plurality of pixels, 

each pixel being constituted of a cold cathode field emission device, an anode electrode and a phosphor 
layer, said anode electrode and said phosphor layer being formed on a substrate so as to face the cold cathode 
field emission device, and 

the cold cathode field emission device comprising; 

(a) a cathode electrode formed a supporting member, and 

(b) an electron emitting portion formed on the cathode electrode, 

in which the electron emitting portion comprises a carbon-group-material layer and a fluoride-carbide-con- 
taining thin film formed on the surface of the carbon-group-material layer, and the fluoride-carbide-containing thin 
film is a film formed from a fluorine-containing hydrocarbon gas 

46. The cold cathode field emission display according to claim 45, in which the carbon-group-material layer is a layer 
formed from a hydrocarbon gas. 

47. The cold cathode field emission display according to claim 46, in which a selective-growth region is formed between 
the cathode electrode and the carbon-group-material layer. 

48. The cold cathode field emission display according to claim 45, in which the carbon-group-material layer is formed 
of carbon-nano-tube structures. 

49. A cold cathode field emission display having a plurality of pixels, 

each pixel being constituted of a cold cathode field emission device, an anode electrode and a phosphor 
layer, said anode electrode and said phosphor layer being formed on a substrate so as to face the cold cathode 
field emission device, and 

the cold cathode field emission device comprising; 

(a) a cathode electrode formed a supporting member, and 

(b) an electron emitting portion formed on the cathode electrode, 

in which the electron emitting portion comprises a carbon-group-material layer, and the carbon-group-ma- 
terial layer has a surface terminated with fluorine atoms. 

50. The cold cathode field emission display according to claim 49, in which the termination of the surface of the carbon- 
group-material layer with fluorine atoms is carried out with a fluorine-containing hydrocarbon gas. 
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51. The cold cathode field emission display according to claim 49, in which the carbon-group-material layer is a layer 
formed from a hydrocarbon gas. 

52. The cold cathode field emission display according to claim 51 , in which a selective-growth region is formed between 
the cathode electrode and the carbon-group-material layer. 

53. The cold cathode field emission display according to claim 49, in which the carbon-group-malerial layer is formed 
of carbon-nano-tube structures. 

54. A cold cathode field emission display having a plurality of pixels, 

each pixel being constituted of a cold cathode field emission device, an anode electrode and a phosphor 
layer, said anodo electrode and said phosphor layer being formed on a substrate so as to face the cold cathode 
field emission device, and 

the cold cathode field emission device comprising; 

(a) a cathode electrode formed on a supporting member, 

(b) a gate electrode which is formed above the cathode electrode and has an opening portion, and 

(c) an electron emitting portion formed on a portion of the cathode electrode which portion is positioned in a 
bottom portion of the opening portion, 

in which the electron emitting portion comprises a carbon-group-material layer, and the carbon-group-ma- 
terial layer is a layer formed from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 

55. The cold cathode field emission display according to claim 54, in which the cathode electrode is constituted from 
copper, silver or gold. 

56. The cold cathode field emission display according to claim 54, in which a selective-growth region is formed at least 
between the cathode electrode and the carbon-group-material layer. 

57. The cold cathode field emission display according to claim 54, in which an insulating layer is formed on the sup- 
porting member and the cathode electrode, and a second opening portion communicating with the opening portion 
made through the gate electrode is made through the insulating layer. 

58. A cold cathode field emission display having a plurality of pixels, 

each pixel being constituted of a cold cathode field emission device, an anode electrode and a phosphor 
layer, said anode electrode and said phosphor layer being formed on a substrate so as to face the cold cathode 
field emission device, and 

the cold cathode field emission device comprising; 

(a) a cathode electrode formed on a supporting member, 

(b) a gate electrode which is formed above the cathode electrode and has an opening portion, and 

(c) an electron emitting portion formed on a portion of the cathode electrode which portion is positioned in a 
bottom portion of the opening portion, 

in which the electron emitting portion comprises a carbon-group-material layer and a fluoride-carbide-con- 
taining thin film formed on the surface of the carbon-group-material layer, and the fluoride-carbide-containing thin 
film is a film formed from a fluorine-containing hydrocarbon gas. 

59. The cold cathode field emission display according to claim 58, in which the carbon-group-material layer is a layer 
formed from a hydrocarbon gas. 

60. The cold cathode field emission display according to claim 59, in which the cathode electrode is constituted from 
copper, silver or gold. 

61 . The cold cathode field emission display according to claim 59, in which a selective-growth region is formed at least 
between the cathode electrode and the carbon-group-material layer. 

62. The cold cathode field emission display according to claim 58, in which an insulating layer is formed on the sup- 
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porting member and the cathode electrode, and a second opening portion communicating with the opening portion 
made through the gate electrode is made through the insulating layer. 

63. The cold cathode field emission display according to claim 58, in which the carbon-group-material layer is formed 
of carbon-nano-tube structures. 

64. A cold cathode field emission display haying a plurality of pixels, 

each pixel being constituted of a cold cathode field emission device, an anode electrode and a phosphor 
layer, said anode electrode and said phosphor layer being formed on a substrate so as to face the cold cathode 
field emission device, and 

fho cold cathode field emission device comprising; 

(a) a cathode electrode formed on a supporting member, 

(b) a gate electrode which is formed above the cathode electrode and has an opening portion, and 

(c) an electron emitting portion formed on a portion of the cathode electrode which portion is positioned in a 
bottom portion of the opening portion, . 

in which the electron emitting portion comprises a carbon-group-material layer, and the carbon-group-ma- 
terial layer has a surface terminated with fluorine atoms. 

65. The coldcathode field emission display according to claim 64, in which the termination of the surface of the carbon- 
group-material layer with fluorine atoms is carried out with a fluorine-containing hydrocarbon gas. 

66. The cold cathode field emission display according to claim 64, in which the carbon-group-material layer is a layer 
formed from a hydrocarbon gas. 

67. The cold cathode field emission display according to claim 66, in which the cathode electrode is constituted from 
copper, silver or gold. 

68. The cold cathode field emission display according to claim 66, in which a selective-growth region is formed at least 
between the cathode electrode and the carbon-group-material layer. 

69. The cold cathode field emission display according to claim 64, in which an insulating layer is formed on the sup- 
porting member and the cathode electrode, and a second opening portion communicating with the opening portion 
made through the gate electrode is made through the insulating layer. 

70. The cold cathode field emission display according to claim 64, in which the carbon-group-material layer is formed 
of carbon-nano-tube structures. 

71. A manufacturing method of an electron emitting apparatus comprising the step of forming an electron emitting 
portion comprising a carbon-group-material layer, on an electrically conductive layer, from a hydrocarbon gas and 
a fluorine-containing hydrocarbon gas. 

72. The manufacturing method of an electron emitting apparatus according to claim 71 , in which further provided is 
the step of forming a selective-growth region on the electrically conductive layer before the formation of the carbon- 
group-material layer. 

73. A manufacturing method of an electron emitting apparatus comprising the steps of; 

(A) forming a carbon-group-material layer on an electrically conductive layer, and 

(B) forming a fluoride-carbide-containing thin film on the surface of the carbon-group-material layer from a 
fluorine-containing hydrocarbon gas, thereby to obtain an electron emitting portion comprising the carbon- 
group-material layer and the fluoride-carbide-containing thin film formed on the surface of the carbon-group- 
material layer. 

74. The manufacturing method of an electron emitting apparatus according to claim 73, in which the carbon-group- 
material layer is formed on the electrically conductive layer from a hydrocarbon gas in the step (A). 
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75. The manufacturing method of an electron emitting apparatus according to claim 74, in which further provided is 
the step of forming a selective-growth region on the electrically conductive layer before the formation of the carbon- 

• group-material layer. 

76. The manufacturing method of an electron emitting apparatus according to claim 73, in which a dispersion of carbon- 
nano-lube structures in a binder material is applied onto the electrically conduclive layer and then the binder ma- 
terial is fired or cured to form the carbon-group-material layer in the step (A). 

77. The manufacturing method of an electron emitting apparatus according to claim 73, in which a metal compound 
solution in which carbon-nano-tube structures are dispersed is applied onto the electrically conductive layer, and 
then the metal compound is fired, to form the carbon-group-material layer in the step (A). 

78. A manufacturing method of an electron emitting apparatus comprising the steps of; 

(A) forming a carbon-group-material layer on an electrically conductive layer, and 

(B) terminating the surface of the carbon-group-material layer with a fluorine-containing hydrocarbon gas, 
thereby to obtain an electron emitting portion comprising the carbon-group-material layer whose surface is 
terminated with fluorine atoms. 

79. The manufacturing method of an electron emitting apparatus according to claim 78, in which the carbon-group- 
material layer is formed on the electrically conductive layer from a hydrocarbon gas in the step (A). 

80. The manufacturing method of an electron emitting apparatus according to claim 79, in which further provided is 
the step of forming a selective-growth region on the electrically conductive layer before the formation of the carbon- 
group-material layer. 

81 . The manufacturing method of an electron emitting apparatus according to claim 78, in which a dispersion of carbon- 
nano-tube structures in a binder material is applied onto the electrically conductive layer and then the binder ma- 
terial is fired or cured to form the carbon-group-material layer in the step (A). 

82. The manufacturing method of an electron emitting apparatus according to claim 78, in which a metal compound 
solution in which carbon-nano-tube structures are dispersed is applied onto the electrically conductive layer, and 
then the metal compound is fired, to form the carbon-group-material layer in the step (A). 

83. A manufacturing method of a cold cathode field emission device comprising the steps of; 

(A) forming a cathode electrode on a supporting member, and 

(B) forming an electron emitting portion on the cathode electrode, 

in which the electron emitting portion comprises a carbon-group-material layer, and 
the step of forming the electron emitting portion comprises the step of forming the carbon-group-material 
layer from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 

84. The manufacturing method of a cold cathode field emission device according to claim 83, in which interposed 
between the step (A) and the step (B) is the step of forming a selective-growth region on the cathode electrode, 
and the step (B) is carried out by forming the electron emitting portion on the selective-growth region in place of 
forming the electron emitting portion on the cathode electrode. 

85. A manufacturing method of a cold cathode field emission device comprising the steps of; 

(A) forming a cathode electrode on a supporting member, 

(B) forming a carbon-group-material layer on the cathode electrode, and 

(C) forming a fluoride-carbide-containing thin film on the surface of the carbon-group-material layer from a 
fluorine-containing hydrocarbon gas, thereby to obtain an electron emitting portion comprising the carbon- 
group-material layer and the fluoride-carbide-containing thin film formed on the surface of the carbon-group- 
material layer. 

86. The manufacturing method of a cold cathode field emission device according to claim 85, in which the carbon- 
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group-material layer is formed on the cathode electrode from a hydrocarbon gas in the step (B). 

87. The manufacturing method of a cold cathode field emission device according to claim 86, in which interposed 
between the steps (A) and (B) is the step of forming a selective-growth region on the cathode electrode, and in 
the (B), the electron emitting portion is formed on the selective-growth region In place of forming the electron 
emitting portion on the cathode electrode. 

88. The manufacturing method of a cold cathode field emission device according to claim 85 : in which a dispersion of 
carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material is 
fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. 

89. The manufacturing method of a cold cathode field emission device according to claim 85, in which a metal com- 
pound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and then 
the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

90. A manufacturing method of a cold cathode field emission device comprising the steps of; 

(A) forming a cathode electrode on a supporting member, 

(B) forming a carbon-group-material layer on the cathode electrode, and 

(C) terminating the surface of the carbon-group-material layer with a fluorine-containing hydrocarbon gas, 
thereby to obtain an electron emitting portion comprising the carbon-group-material layer having the surface 
terminated with fluorine atoms. 

91. The manufacturing method of a cold cathode field emission device according to claim 90, in which the carbon- 
group-material layer is formed on the cathode electrode from a hydrocarbon gas in the step (B). 

92. The manufacturing method of a cold cathode field emission device according to claim 91 , in which interposed 
between the steps (A) and (B) is the step of forming a selective-growth region on the cathode electrode, and in 
the (B), the electron emitting portion is formed on the selective-growth region in place of forming the electron 
emitting portion on the cathode electrode. 

93. The manufacturing method of a cold cathode field emission device according to claim 90 ; in which a dispersion of 
carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material is 
fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. 

94. The manufacturing method of a cold cathode field emission device according to claim 90, in which a metal com- 
pound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and then 
the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

95. A manufacturing method of a cold cathode field emission device comprising the steps of; 

(A) forming a cathode electrode on a supporting member, 

(B) forming an insulating layer on the supporting member and the cathode electrode, 

(C) forming a gate electrode having an opening portion on the insulating layer, 

(D) forming a second opening portion through the insulating layer, said second opening portion communicating 
with the opening portion formed through the gate electrode, thereby to expose the cathode electrode in a 
bottom portion of the second opening portion, and 

(E) forming an electron emitting portion on the cathode electrode exposed in the bottom portion of the second 
opening portion, 

in which the electron emitting portion comprises a carbon-group-material layer, and the step of forming the 
electron emitting portion comprises the step of forming the carbon-group-material layer from a hydrocarbon gas 
and a fluorine-containing hydrocarbon gas. 

96. The manufacturing method of a cold cathode field emission device according to claim 95, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
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cathode electrode, 

an insulating layer is formed on the supporting member, the selective-growth region and the cathode elec- 
trode in the step (B), 

a second opening portion is formed through the insulating layer in the step (D), said second opening portion 
communicating with the opening portion formed through the gate electrode, thereby to expose the selective-growth 
region in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region exposed in the bottom portion of (he 
second opening portion in the step (E). 

97. The manufacturing method of a cold cathode field emission device according to claim 95, in which 

interposed between the step (D) and the step (E) is the stop of forming a selective-growth region on the 
cathode electrode exposed in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region in the step (E) in place of forming the 
electron emitting portion on the cathode electrode exposed in the bottom portion of the second opening portion. 

98. A manufacturing method of a cold cathode field emission device comprising the steps of; 

(A) forming a cathode electrode on a supporting member, 

(B) forming an insulating layer on the supporting member and the cathode electrode, 

(C) forming a gate electrode having an opening portion on the insulating layer, 

(D) forming a second opening portion through the insulating layer, said second opening portion communicating 
with the opening portion formed through the gate electrode, thereby to expose the cathode electrode in a 
bottom portion of the second opening portion, and 

(E) forming an electron emitting portion on the cathode electrode exposed in the bottom portion of the second 
opening portion, 

in which the electron emitting portion comprises a carbon-group-material layer and a fluoride-carbide-con- 
taining thin film formed on the surface of the carbon-group-material layer, and the step of forming the electron 
emitting portion comprises the step of forming the fluoride-carbide-containing thin film on the surface.of the formed 
carbon-group-material layer from a fluorine-containing hydrocarbon gas. 

99. The manufacturing method of a cold cathode field emission device according to claim 98, in which the carbon- 
group-material layer is formed from a hydrocarbon gas in the step of forming the electron emitting portion. 

100. The manufacturing method of a cold cathode field emission device according to claim 99, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, 

an insulating layer is formed on the supporting member, the selective-growth region and the cathode elec- 
trode in the step (B), 

a second opening portion is formed through the insulating layer in the step (D), said second opening portion 
communicating with the opening portion formed through the gate electrode, thereby to expose the selective-growth 
region in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region exposed in the bottom portion of the 
second opening portion in the step (E). 

101 .The manufacturing method of a cold cathode field emission device according to claim 99, in which 
interposed between the step (D) and the step 

(E) is the step of forming a selective-growth region on the cathode electrode exposed in the bottom portion 
of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region in the step (E) in place of forming the 
electron emitting portion on the cathode electrode exposed in the bottom portion of the second opening portion. 

102. The manufacturing method of a cold cathode field emission device according to claim 98, in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. 

103. The manufacturing method of a cold cathode field emission device according to claim 98, in which a metal com- 
pound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and then 



EP 1 383 151 A1 



the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

104. A manufacturing method of a cold cathode field emission device comprising the steps of; 

(A) forming a cathode electrode on a supporting member, 

(B) forming an insulating layer on the supporting member and the cathode electrode, 

(C) forming a gate electrode having an opening portion on the insulating layer, 

(D) forming a second opening portion through the insulating layer, said second opening portion communicating 
with the opening portion formed through the gate electrode, thereby to expose the cathode electrode in a 
bottom portion of the second opening portion, and 

(E) forming an electron emitting portion on the cathode electrode exposed in the bottom portion of the second 
opening portion, 

in which the electron emitting portion comprises a carbon-group-material layer, and the step of forming the 
electron emitting portion comprises the step of terminating the surface of the formed carbon-group-material layer 
with a fluorine-containing hydrocarbon gas. 

105. The manufacturing method of a cold cathode field emission device according to claim 104, in which the carbon- 
group-material layer is formed from a hydrocarbon gas in the step of forming the electron emitting portion. 

106. The manufacturing method of a cold cathode field emission device according to claim 1 05, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, 

an insulating layer is formed on the supporting member, the selective-growth region and the cathode elec- 
trode in the step (B), 

a second opening portion is formed through the insulating layer in the step (D), said second opening portion 
communicating with the opening portion formed through the gate electrode, thereby to expose the selective-growth 
region in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region exposed in the bottom portion of the 
second opening portion in the step (E). 

107. The manufacturing method of a cold cathode field emission device according to claim 105, in which 

interposed between the step (D) and the step 

(E) is the step of forming a selective-growth region on the cathode electrode exposed in the bottom portion 
of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region in the step (E) in place of forming the 
electron emitting portion on the cathode electrode exposed in the bottom portion of the second opening portion. 

108. The manufacturing method of a cold cathode field emission device according to claim 104, in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. 

109. The manufacturing method of a cold cathode field emission device according to claim 1 04, in which a metal com- 
pound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and then 
the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

110. A manufacturing method of a cold cathode field emission device comprising the steps of; 

(A) forming a cathode electrode on a supporting member, 

(B) forming an electron emitting portion on the cathode electrode, and 

(C) forming a gate electrode having an opening portion above the electron emitting portion, 

in which the electron emitting portion comprises a carbon-group-material layer, and the step of forming the 
electron emitting portion comprises the step of forming the carbon-group-material layer from a hydrocarbon gas 
and a fluorine-containing hydrocarbon gas. 
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111. The manufacturing method of a cold cathode field emission device according to claim 110, in which the step (B) 
is followed by forming an insulating layer on the entire surface, and 

the step (C) is followed by forming a second opening portion through the insulating layer, said second opening 
portion communicating with the opening portion formed through the gate electrode, thereby to expose the carbon- 
group-material layer in a bottom portion of the second opening portion. 

112. The manufacturing method of a cold cathode field emission device according to claim 110, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, and 

the electron emitting portion is formed on the selective-growth region in the step (B) in place of forming the 
olectron omitting portion on the cathode electrode. 

113. A manufacturing method of a cold cathode field emission device comprising the steps of; 

(A) forming a cathode electrode on a supporting member, 

(B) forming an electron emitting portion on the cathode electrode, and 

(C) forming a gate electrode having an opening portion above the electron emitting portion, 

in which the electron emitting portion comprises a carbon-group-material layer and a fluoride-carbide-con- 
taining thin film formed on the surface of the carbon-group-material layer, and the step of forming the electron 
emitting portion comprises the step of forming the fluoride-carbide-containing thin film on the surface of the formed 
carbon-group-material layer from a fluorine-containing hydrocarbon gas. 

114. The manufacturing method of a cold cathode field emission device according to claim 113, in which the step (B) 
is followed by forming an insulating layer on the entire surface, and 

the step (C) is followed by forming a second opening portion through the insulating layer, said second opening 
portion communicating with the opening portion formed through the gate electrode, thereby to expose the carbon- 
group-material layer in a bottom portion of the second opening portion. 

115. The manufacturing method of a cold cathode field emission device according to claim 113, in which the carbon- 
group-material layer is formed from a hydrocarbon gas in the step of forming the electron emitting portion. 

116. The manufacturing method of a cold cathode field emission device according to claim 115, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, and 

the electron emitting portion is formed on the selective-growth region in the step (B) in place of forming the 
electron emitting portion on the cathode electrode. 

117. The manufacturing method of a cold cathode field emission device according to claim 113, in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion, 

118. The manufacturing method of a cold cathode field emission device according to claim 113, in which a metal com- 
pound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and then 
the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

119. A manufacturing method of a cold cathode field emission device comprising the steps of; 

(A) forming a cathode electrode on a supporting member, 

(B) forming an electron emitting portion on the cathode electrode, and 

(C) forming a gate electrode having an opening portion above the electron emitting portion, 

in which the electron emitting portion comprises a carbon-group-material layer, and the step of forming the 
electron emitting portion comprises the step of terminating the surface of the formed carbon-group-material layer 
with a fluorine-containing hydrocarbon gas. 

120. The manufacturing method of a cold cathode field emission device according to claim 119, in which the step (B) 
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is followed by forming an insulating layer on the entire surface, and 

the step (C) is followed by forming a second opening portion through the insulating layer, said second opening 
portion communicating with the opening portion formed through the gate electrode, thereby to expose the carbon- 
group-material layer in a bottom portion of the second opening portion. 

121 .The manufacturing method of a cold cathode field emission device according to claim 119, in which the carbon- 
group-malerial layer is formed from a hydrocarbon gas in the step or forming the electron emitting portion. 

122. The manufacturing method of a cold cathode field emission device according to claim 121 , in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, and 

the electron emitting portion is formed on the selective-growth region in the step (B) in place of forming the 
electron emitting portion on the cathode electrode. 

123. The manufacturing method of a cold cathode field emission device according to claim 11 9, in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. 

1 24. The manufacturing method of a cold cathode field emission device according to claim 1 1 9, in which a metal com- 
pound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and then 
the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

125. A manufacturing method of a cold cathode field emission display, in which a substrate having an anode electrode 
and a phosphor layerformed thereon and a supporting member having a cold cathode field emission device formed 
thereon are arranged such that the phosphor layer and the cold cathode field emission device face each other, 
and the substrate and the supporting member are bonded to each other in their circumferential portions, 

the method including the steps of; 

(A) forming a cathode electrode on the supporting member, and 

(B) forming an electron emitting portion on the cathode electrode, thereby to form the cold cathode field emis- 
sion device, 

in which the electron emitting portion comprises a carbon-group-material layer, and 
the step of forming the electron emitting portion comprises the step of forming the carbon-group-material 
layer from a hydrocarbon gas and a fluorine-containing hydrocarbon gas. 

126. The manufacturing method of a cold cathode field emission display according to claim 125, in which interposed 
between the step (A) and the step (B) is the step of forming a selective-growth region on the cathode electrode, 
and the step (B) is carried out by forming the electron emitting portion on the selective-growth region in place of 
forming the electron emitting portion on the cathode electrode. 

127. A manufacturing method of a cold cathode field emission display, in which a substrate having an anode electrode 
and a phosphor layerformed thereon and a supporting member having a cold cathode field emission device formed 
thereon are arranged such that the phosphor layer and the cold cathode field emission device face each other, 
and the substrate and the supporting member are bonded to each other in their circumferential portions, 

the method including the steps of; 

(A) forming a cathode electrode on the supporting member, 

(B) forming a carbon-group-material layer on the cathode electrode, and 

(C) forming a fluoride-carbide-containing thin film on the surface of the carbon-group-material layer from a 
fluorine-containing hydrocarbon gas, thereby to obtain an electron emitting portion comprising the carbon- 
group-material layer and the fluoride-carbide-containing thin film formed on the surface of the carbon-group- 
material layer, whereby the cold cathode field emission device is formed. 

128. The manufacturing method of a cold cathode field emission display according to claim 127, in which the carbon- 
group-material layer is formed on the cathode electrode from a hydrocarbon gas in the step (B). 
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129. The manufacturing method of a cold cathode field emission display according to claim 128, in which interposed 
between the steps (A) and (B) is the step of forming a selective-growth region on the cathode electrode, and in 
the (B), the electron emitting portion is formed on the selective-growth region in place of forming the electron 
emitting portion on the cathode electrode. 

130. The manufacturing method of a cold cathode field emission display according to claim 127, in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. 

131 The manufacturing method of a cold cathode field emission display according to claim 127, in which a metal 
compound solution in which carbon nano-tubo structures arc dispersed is applied onto the cathode electrode and 
then the metal compound isfired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

132. A manufacturing method of a cold cathode field emission display, in which a substrate having an anode electrode 
and a phosphor layer formed thereon and a supporting member having a cold cathode field emission device formed 
thereon are arranged such that the phosphor layer and the cold cathode field emission device face each other, 
and the substrate and the supporting member are bonded to each other in their circumferential portions, 

the method including the steps of; 

(A) forming a cathode electrode on the supporting member, 

(B) forming a carbon-group-material layer on the cathode electrode, and 

(C) terminating the surface of the carbon-group-material layer with a fluorine-containing hydrocarbon gas, 
thereby to obtain an electron emitting portion comprising the carbon-group-material layer having the surface 
terminated with fluorine atoms, whereby the cold cathode field emission device is formed. 

133. The manufacturing method of a cold cathode field emission display according to claim 132, in which the carbon- 
group-material layer is formed on the cathode electrode from a hydrocarbon gas in the step (B). 

134. The manufacturing method of a cold cathode field emission display according to claim 133, in which interposed 
between the steps (A) and (B) is the step of forming a selective-growth region on the cathode electrode, and in 
the (B), the electron emitting portion is formed on the selective-growth region in place of forming the electron 
emitting portion on the cathode electrode. 

135. The manufacturing method of a cold cathode field emission display according to claim 132, in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. 

136. The manufacturing method of a cold cathode field emission display according to claim 132, in which a metal 
compound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and 
then the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

137. A manufacturing method of a cold cathode field emission display, in which a substrate having an anode electrode 
and a phosphor layerformed thereon and a supporting member having a cold cathode field emission device formed 
thereon are arranged such that the phosphor layer and the cold cathode field emission device face each other, 
and the substrate and the supporting member are bonded to each other in their circumferential portions, 

the method including the steps of; 

(A) forming a cathode electrode on the supporting member, 

(B) forming an insulating layer on the supporting member and the cathode electrode, 

(C) forming a gate electrode having an opening portion on the insulating layer, 

(D) forming a second opening portion through the insulating layer, said second opening portion communicating 
with the opening portion formed through the gate electrode, thereby to expose the cathode electrode in a 
bottom portion of the second opening portion, and 

(E) forming an electron emitting portion on the cathode electrode exposed in the bottom portion of the second 
opening portion, whereby the cold cathode field emission device is formed, 
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in which the electron emitting portion comprises a carbon-group-material layer, and the step of forming the 
electron emitting portion comprises the step of forming the carbon-group-material layer from a hydrocarbon gas 
and a fluorine-containing hydrocarbon gas. 

138. The manufacturing method of a cold cathode field emission display according to claim 137, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, 

■ an insulating layer is formed on the supporting member, the selective-growth region and the cathode elec- 
trode in the step (B), 

a second opening portion is formed through the insulating layer in the step (D), said second opening portion 
communicating with the opening portion formed through the gate electrode, thereby to expose the selective-growth 
region in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region exposed in the bottom portion of the 
second opening portion in the step (E). 

139. The manufacturing method of a cold cathode field emission display according to claim 137, in which 

interposed between the step (D) and the step (E) is the step of forming a selective-growth region on the 
cathode electrode exposed in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region in the step (E) in place of forming the 
electron emitting portion on the cathode electrode exposed in the bottom portion of the second opening portion. 

140. A manufacturing method of a cold cathode field emission display, in which a substrate having an anode electrode 
and a phosphor layer formed thereon and a supporting member having a cold cathode field emission device formed 
thereon are arranged such that the phosphor layer and the cold cathode field emission device face each other, 
and the substrate and the supporting member are bonded to each other in their circumferential portions, 

the method including the steps of; 

(A) forming a cathode electrode on the supporting member, 

(B) forming an insulating layer on the supporting member and the cathode electrode, 

(C) forming a gate electrode having an opening portion on the insulating layer, 

(D) forming a second opening portion through the insulating layer, said second opening portion communicating 
with the opening portion formed through the gate electrode, thereby to expose the cathode electrode in a 
bottom portion of the second opening portion, and 

(E) forming an electron emitting portion on the cathode electrode exposed in the bottom portion of the second 
opening portion, whereby the cold cathode field emission device is formed, 

in which the electron emitting portion comprises a carbon-group-material layer and a fluoride-carbide-con- 
taining thin film formed on the surface of the carbon-group-material layer, and the step of forming the electron 
emitting portion comprises the step of forming the fluoride-carbide-containing thin film on the surface of the formed 
carbon-group-material layer from a fluorine-containing hydrocarbon gas. 

141 The manufacturing method of a cold cathode field emission display according to claim 140, in which the carbon- 
group-material layer is formed from a hydrocarbon gas in the step of forming the electron emitting portion. 

142. The manufacturing method of a cold cathode field emission display according to claim 141 , in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, 

an insulating layer is formed on the supporting member, the selective-growth region and the cathode elec- 
trode in the step (B), 

a second opening portion is formed through the insulating layer in the step (D), said second opening portion 
communicating with the opening portion formed through the gate electrode, thereby to expose the selective-growth 
region in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region exposed in the bottom portion of the 
second opening portion in the step (E). 

143. The manufacturing method of a cold cathode field emission display according to claim 141 , in which 

interposed between the step (D) and the step (E) is the step of forming a selective-growth region on the 
cathode electrode exposed in the bottom portion of the second opening portion, and 
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the electron emitting portion is formed on the selective-growth region in the step (E) in place of forming.the 
electron emitting portion on the cathode electrode exposed in the bottom portion of the second opening portion. 

144. The manufacturing method of a cold cathode field emission display according to claim 140, in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to rorm the carbon-group-malerial layer in the step of forming the electron emitting portion. 

145. The manufacturing method of a cold cathode field emission display according to claim 140, in which a metal 
compound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and 
then the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

146. A manufacturing method of a cold cathode field emission display, in which a substrate having an anode electrode 
and a phosphor layer formed thereon and a supporting member having a cold cathode field emission device formed 
thereon are arranged such that the phosphor layer and the cold cathode field emission device face each other, 
and the substrate and the supporting member are bonded to each other in their circumferential portions, 

the method including the steps of; 

(A) forming a cathode electrode on the supporting member, 

(B) forming an insulating layer on the supporting member and the cathode electrode, 

(C) forming a gate electrode having an opening portion on the insulating layer, 

(D) forming a second opening portion through the insulating layer, said second opening portion communicating 
with the opening portion formed through the gate electrode, thereby to expose the cathode electrode in a 
bottom portion of the second opening portion, and 

(E) forming an electron emitting portion on the cathode electrode exposed in the bottom portion of the second 
opening portion, whereby the cold cathode field emission device is formed, 

in which the electron emitting portion comprises a carbon-group-material layer, and the step of forming the 
electron emitting portion comprises the step of terminating the surface of the formed carbon-group-material layer 
with a fluorine-containing hydrocarbon gas. 

147. The manufacturing method of a cold cathode field emission display according to claim -146, in which the carbon- 
group-material layer is formed from a hydrocarbon gas in the step of forming the electron emitting portion. 

148. The manufacturing method of a cold cathode field emission display according to claim 147, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, 

an insulating layer is formed on the supporting member, the selective-growth region and the cathode elec- 
trode in the step (B), 

a second opening portion is formed through the insulating layer in the step (D), said second opening portion 
communicating with the opening portion formed through the gate electrode, thereby to expose the selective-growth 
region in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region exposed in the bottom portion of the 
second opening portion in the step (E). 

149. The manufacturing method of a cold cathode field emission display according to claim 147, in which 

interposed between the step (D) and the step (E) is the step of forming a selective-growth region on the 
cathode electrode exposed in the bottom portion of the second opening portion, and 

the electron emitting portion is formed on the selective-growth region in the step (E) in place of forming the 
electron emitting portion on the cathode electrode exposed in the bottom portion of the second opening portion. 

150. The manufacturing method of a cold cathode field emission display according to claim 146, in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to form the carbon-group-materiai layer in the step of forming the electron emitting portion. 

151 .The manufacturing method of a cold cathode field emission display according to claim 146, in which a metal 
compound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and 
then the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
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portion. 

152. A manufacturing method of a cold cathode field emission display, in which a substrate having an anode electrode 
and a phosphor layer formed thereon and a supporting member having a cold cathode field emission device formed 
thereon are arranged such that the phosphor layer and the cold cathode field emission device face each other, 
and the subslrale and Ihe supporting member are bonded to each other in their circumferential portions, 

the method including the steps of; 

(A) forming a cathode electrode on the supporting member, 

(B) forming an electron emitting portion on the cathode electrode, and 

(C) forming a gate electrode having an opening portion above the electron omitting portion, whereby the cold 
cathode field emission device is formed, 

in which the electron emitting portion comprises a carbon-group-material layer, and the step of forming the 
electron emitting portion comprises the step of forming the carbon-group-material layer from a hydrocarbon gas 
and a fluorine-containing hydrocarbon gas. 

153. The manufacturing method of a cold cathode field emission display according to claim 1 52, in which the step (B) 
is followed by forming an insulating layer on the entire surface, and 

the step (C) is followed by forming a second opening portion through the insulating layer, said second opening 
portion communicating with the opening portion formed through the gate electrode, thereby to expose the carbon- 
group-material layer in a bottom portion of the second opening portion. 

154. The manufacturing method of a cold cathode field emission display according to claim 152, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, and 

the electron emitting portion is formed on the selective-growth region in the step (B) in place of forming the 
electron emitting portion on the cathode electrode. 

155. A manufacturing method of a cold cathode field emission display, in which a substrate having an anode electrode 
and a phosphor layer formed thereon and a supporting member having a cold cathode field emission device formed 
thereon are arranged such that the phosphor layer and the cold cathode field emission device face each other, 
and the substrate and the supporting member are bonded to each other in their circumferential portions, 

the method including the steps of; 

(A) forming a cathode electrode on the supporting member, 

(B) forming an electron emitting portion on the cathode electrode, and 

(C) forming a gate electrode having an opening portion above the electron emitting portion, whereby the cold 
cathode field emission device is formed, 

in which the electron emitting portion comprises a carbon-group-material layer and a fluoride-carbide-con- 
taining thin film formed on the surface of the carbon-group-material layer, and the step of forming the electron 
emitting portion comprises the step of forming the fluoride-carbide-containing thin film on the surface of the formed 
carbon-group-material layer from a fluorine-containing hydrocarbon gas. 

156. The manufacturing method of a cold cathode field emission display according to claim 155, in which the step (B) 
is followed by forming an insulating layer on the entire surface, and 

the step (C) is followed by forming a second opening portion through the insulating layer, said second opening 
portion communicating with the opening portion formed through the gate electrode, thereby to expose the carbon- 
group-material layer in a bottom portion of the second opening portion. 

157. The manufacturing method of a cold cathode field emission display according to claim 155, in which the carbon- 
group-material layer is formed from a hydrocarbon gas in the step of forming the electron emitting portion. 

158. The manufacturing method of a cold cathode field emission display according to claim 157, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, and 

the electron emitting portion is formed on the selective-growth region in the step (B) in place of forming the 
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electron emitting portion on the cathode electrode. 

159. The manufacturing method of a cold cathode field emission display according to claim 155, in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. 

160. The manufacturing method of a cold cathode field emission display according to claim 155, in which a metal 
compound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and 
then the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 

161 .A manufacturing method of a cold cathode field emission display, in which a substrate having an anode electrode 
and a phosphor layer formed thereon and a supporting member having a cold cathode field emission device formed 
thereon are arranged such that the phosphor layer and the cold cathode field emission device face each other, 
and the substrate and the supporting member are bonded to each other in their circumferential portions, 
the method including the steps of: 

(A) forming a cathode electrode on the supporting member, 

(B) forming an electron emitting portion on the cathode electrode, and 

(C) forming a gate electrode having an opening portion above the electron emitting portion, whereby the cold 
cathode field emission device is formed, 

in which the electron emitting portion comprises a carbon-group-material layer, and the step of forming the 
electron emitting portion comprises the step of terminating the surface of the formed carbon-group-material layer 
with a fluorine-containing hydrocarbon gas. 

162. The manufacturing method of a cold cathode field emission display according to claim 161 , in which the step (B) 
is followed by forming an insulating layer on the entire surface, and 

the step (C) is followed by forming a second opening portion through the insulating layer, said second opening 
portion communicating with the opening portion formed through the gate electrode, thereby to expose the carbon- 
group-material layer in a bottom portion of the second opening portion. 

163. The manufacturing method of a cold cathode field emission display according to claim 1 61 , in which the carbon- 
group-material layer is formed from a hydrocarbon gas in the step of forming the electron emitting portion. 

164. The manufacturing method of a cold cathode field emission display according to claim 163, in which 

interposed between the step (A) and the step (B) is the step of forming a selective-growth region on the 
cathode electrode, and 

the electron emitting portion is formed on the selective-growth region in the step (B) in place of forming the 
electron emitting portion on the cathode electrode. 

165. The manufacturing method of a cold cathode field emission display according to claim 1 61 , in which a dispersion 
of carbon nano-tube structures in a binder material is applied onto the cathode electrode and the binder material 
is fired or cured to form the carbon-group-material layer in the step of forming the electron emitting portion. 

166. The manufacturing method of a cold cathode field emission display according to claim 161, in which a metal 
compound solution in which carbon nano-tube structures are dispersed is applied onto the cathode electrode and 

■ then the metal compound is fired, to form the carbon-group-material layer in the step of forming the electron emitting 
portion. 
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